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ABSTRACT

The primary objective of the project was to estimate the partition of

15r90 and C6137 between the local and long.range fa]l~~t formed by rxlegatOII-

range nuclear detonations over land and v’ater surfaces. A secondary

objective WZLS to determine the spatial distribution of radioactivity

particles) ~ the ~uclear clouds a few minutes after stabilization.

planned to achieve these objectives bY ra~ochemical analyses and

size measurements on the following t~-pes of samples:

(and

It was

particle

1. Samples of the particles and radioact~ve gases present in the upper

portions of the clouds to be collected by high flying aircraft.

2. Samples of the particulate matter in the clouds to be collected along

nearly vertical flight paths , ~.t several different distances from the cloud

axis, by rocket-propelled sampling devices.

3. Samples of the fallout to be collected at an altitude of 1, 000 feet

by lov.’-flying airc raft.

The project participated in a megaton shot (Koa) fired over = coral/

~hot (’l{alnut) f-island, a -- lred from a barge in deep w-ate r, and a 9-MT
-.

shot (Oak) fired over a coral reef in SE, ZI1OWwater. The aircraft sampling

program was generally successfd, and fairly complete sets of both cloud

and fallout samples were collected on each shot. The rocket program was

unsuccessful due to a variety of eotip,ment malfunctions.
.

2
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The

fallout

to give

gas samples were analyzed for radioactive ~tmn and the cloud and

90 137saqles were each analyzed for Sr , Cs and several other nuclides -

information on fractionation. Fall rate and size distribution rneas~e- -

ments were ~de” on the particle smple9 from the land surface shot. me cmbinod

9° ad c~137 ~tweenanalytical data were used to estimate the distribution of Sr

the local and long-range fallout.

There are no resdts to k repor~d on the spatial distribution of radio-

activity in the clouds since this put of the project wa5 dependent, on the rocket

samples.

The results

total clouds that

the CS137 formed

indicate~if the layers sampled were representative of the”

9° ad One-ttid offor water shots, around ens-fourth of the Sr

will be

responding figures for a

1 9-

dispersed over distances greater than 4,000 miles. COP

90
coral land surface are or=–fifth for Sr ad one-half for

CSLJ[. Radionuclide fractiomtion was pronounced, i.e., the radionuclide composi-

tion varied froa layer to l~er, in t,he lad surface shot. ‘l’he 10d fmout was

depleted in both Sr 90
and C~37 and the up~r portions of the clouds were enriched.

Fractionation -.-a.s much less fGr the water shot.

It is recc:-.~ended that a siuu31ar project, with a more detziled analysis of

rafionuclide distributions k incluckd as part of the prog:am if future i::aFIons

ksts are sched~fled. Such a project could provide mo~e -ralua.ble iflo~ation

th~ the W.Ril~.~~r[ data.

3
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PREFACE

In the formulation of this project, three distinct parts were establish-

ed: rocket fallout sampling, aircraft fallout sampling and sample analysis,

data interpretation and report preparation. Responsibility for the conduct

of rocket sampling was assigned to the University of California Radiation

Laboratory (U CR L); responsibility for the conduct of the aircraft sampling

was assigned to the Los ~amos Scientific Laboratory (LAS L); and re-

sponsibility for the conduct of sample analysis, report writing, etc. , was

assigned to the U.S. Naval Radiological Defense Laboratory (NRDL). The

Project Officer was supplied from the NTRDL technical staff. H. F. PIank,

as technical advisor to the project officer, was responsible for the conduct

of the

UCRL

NRDL

LASL portion, E. H. Fleming acted in a similar capacity for the

portion and N. E. Ballou and T. Triffet are responsible for the

portion.

4
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CHAPTER 1

INTRODUCTION

1.1 OBJECTIVES

The general objective of the project was to estimate, from analytical

data on cloud sarr.pies, the relative distribution of certain radionuclides

bet=een the local and world-wide fallout formed by megaton-range detona-

tions on land and water surfaces, wiih pa-rtimkr enp~.asis on the distribution of

SrQO and CS157 &.ti;een l-ocal axqd world--wide fallout..

Specific objectives were to: (1) ob~in airborne particle and gas samples

by rocket and aircraft ~amp~ing tec~ques; (2) determ~e the distribution Of

radionuclides between two groups of particles which differed from one another

in their fauing rates ,> <r and which could be considered representative of

local and world F/ide fa~~out; (3) ~tte-mpt to determine an early-time distri -

bution of radioauc~ides -d pzr~c~=s be&een the upper and lower halves of

the cloud at ~-zrious times fo?lowhg the shots.

1.2 BACKGROUA71) AIJD THEORY

,
Data ori the geographical distribution of fallout are pzrticwlarly needed

to assess the global kaz~rds a~soziated with the testing of nuc~ear weapons,

,
11
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but they are also

used in warfare.

important for an appraisal of the effects of nuclear weapons

It has been recognized since the earliest weapons tests that a sub-

stantial portion of the radionuclidcs formed ti a nuclear detonation are

deposited throughout the v~orld, thereby becoming available for general

biological assimilation. The total fallout is usually considered as being

divided into ISVO classes$ designated as 10CZ1 and world+vide fallout. b a

general ways local fallout is thought of as consisting of relatively large

particles, which reach the carth~s surface in a few hours, whereas world
.

wide fall Gut is composed of fine~y-divided m~terizl which may remain .SU5-

pcn~ed in the atmosphere for months or years and be deposited at long dis-

tances from the source. A more precise differ cntiztion is nccdcd for “

specific situations , one of the most import=t considerations being the loca -

tion of the detonation site in relation to world centers of population.

cxp~osions at the Pacific Proving Grounds, the boundary between the

classes has been chosen at a particle falling velocity of 3

rn~.teri~l settling out more slowly than this is likely to be

the ocean arezs and deposited in inh~bitcd regions~ Li it
1oo:ooo ft.

2 –so

inches per

For

V.7o

second;

The ratio of local to world-wide fallout is/governed by ill: kighz at~-~ed b
t,y,i=Jnuclear cloud and the size ciistribuiion

/of the p~rticles in the nuclear cloud which act as collectors for the
. .

radioactive fissio=product atoms. If many Iargc particles with fast falling

12

.. —.-..
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rates arc present, as is the case for surface or underground shots where the.

fireball contacts the ground, tbe local fallout will be large. Local fallout can -

be expected to decrease as the detonation height increa8es and become a

negligible quantity for an air burst high above the ground.

Numerous estimates of local fallout have been prepared at previous

Operations, main Iy from analyses of radiation intensity data obtained in

aerial and surface monitoring surveys. However, the uncertainties in con-

verting from dose rate measurements to fi5sion products deposited per unit

area are so great that the results cannot be regarded with a great deal of

confidence. More reIiable valucs are cvidcntiy needed and in planning for

operation HARDTACK, the AEC =Xamin=d possible WaYs of obtaining such

information (Reference I). After consideration of the difficulties inherent

in additional refinement of surface measurement techniques, this approach

was abandoned. An alternative program based on further development of

existing cloud sampling procedures was formulated {Reference 2) and this

culminated in Project 2.8.

A knowledge of fallout partition and how it is influenced by shot

environment may contribute to reduction in world-wide fallout at future

tests and to a better understanding of the military implications of local

fallout. It wiI1 aIso assist in extrapolation to previously untried shot con-

ditions and yields.

.
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1.2. 1 Formation and Nature of Fallout l%rticles. When a surface

burst is deto~ted, great quantifies of the adjacent environment arc swept

upxd mixed with the incan~esc~nt air in the fireballq There is s~ficient

the immed~zt= v~ctnity, but the fIOSV Cf heat into a massive object, such as

a shot tower, shield or coral rockO wi 11 be cornparztively slow even with

a high temperature gradiente Conse~&exztIy, the i9.tericr portions of large

structures in the ~~;.g~~~rhood my not receive e~cugh heat to evaporate

mixture of solid pzrtic~cs, molten drcps ~~d vapor. The extraneous ma-
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fusion and with solid pzrticlcso

The radlonuclide atoms present will collide frequently with oxygen

thermodynamically

or free radionu -

lC
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The isobaric radionuclide chains formed b the explosion arc known

, —

to be distributed on a mass scale in a way generaIXy simiIar to the pro-

235 by thermal neutrons,ducts of asymmetric fission of U but with some

important diffe”rcnces. The experimental yield curve for slow neutron

fission has a broad minimum for mass numbers approximately one-half

that of the original nucleus and maxima on either side at mass numbers

in the neighborhood of 95 and 139 (Reference 7)0 Comparing the chain

yields for megaton-range detonations with this curve, it is noted that there

is a small drop in the peak yields accompanied by an increase in the sW -

metric fission probability. The same nuclide ‘distribution might be cx-

pectcd in the fallout material and this is found to be roughly true under

certain conditions. In other cases, the elenents for=ed - initi~ p=tiu sep=a~

with respect to
#one another so that samples of fallout may differ in composition

among themselves and also from the distribution curve characteristic for

the event.

Fractionation is a term which has been applied to this phenomenon

and it is used to signify an alteration in nuclicie composition of some portion

of the debris which renders it non-representative of the bomb products as

a whole. The R-values, which are commonly used for reporting rad.iochcmi -

cal data on cloud and fallout samples, are useful indices of fractionation.

The R-value for any nuclide is defined as the ratio of the number of atoms

16
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of this nuclide to the number of atoms of a reference substance (u Eually

M099) in the sample divided by the same ratio for the products of thermal

of U235. .-

neutron fission/ Atoms which do not separate from the reference 9ub -

stance have Il.-values appropriate for the type of detonation, while cn-
.

richment or depletion are manifested by positive or negative deviations from

the characteristic value.

Knowledge of the causes and mechanism of fractionation is still

largely incomplete at the present time. One effect that seems to be indi-

cated by the available data may occur ~ the isobaric chains near mass

numbers 90 and 140 which contain rare ga5 nu~~ides as prominent chain

members. These have half-lives and independent fission yields such that

they comprise a considerable fraction of the total chain yield during the

period when the environmental material is condensing. H the rare gas

atoms which collide with the liqfid drops of cntironmental material are not

held by strong forces, as appears probable, t“he particles formed at this

stage will be depleted in the nuclide chains in question,

A var’iety of types of particIes have been observed in the local fall-

out at previous test series (References 5,9,10,119 12, 13). For land surface

shots in the Pacific they have been mainly of three kinds: irregular grains,

spherical solids ~nd fragile agglomerated flakes. The grains were not, in

general , uniform throughout, but consiGted of layers or shells of calcium

17
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oxide,. calcium hydroxide and calcium carbonate formed by the decarbo -

nation, hydration and recarbonati~n processes going on in the fireball

and subsequently. The majority of them were white or transparent but

some were yellow or brown. Many of the flaky aggregates were observed

to disintegrate spontaneously into sma~er particles within a few hours

after collection.
. .

In addition to these primary types, a fourth kind was noted con-

sisting of small black spheres of calcium iron oxide (2 CaO* Fe203).

These were usually observed adhering to the surfaces of the large grains

but occasionally were found isolated (Refer cHce 12)0

For detonations over ocean surfaces the fallout collected consisted

of droplets of salt slurry 50-300 microns in diameter. These contained

about 80~o salt, 187’o water and 2% insoluble solids by volume. The =jor

part of the radioactivity WaS found in the insoluble solids portion.

The fallout deposited at more distant points has not been as well

characterized, but is believed to be composed of minute spheres formed

by condensation of the environmental material from the vapor plus a very

fines mrused dust swept up into the cloud from the area around the shot

point (Reference 14)0

The availability of the radioactivity in the fallout for assimilation

into the biosphere depends to a large extent on its volubility in aqueous

- 2Lr
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or slightly acid media. Determi.n+tion of the soluble fraction is therefore ~

important problem and so~~bfiity stu~e9 ham ~en repo#~d on fflout from several

of the shot9 at. C)peraljio~ CASTM ~d WDNIIC. For CASTIX f~out, it was fo~d

that the solublm fraction Wag strong~ &pen&nt on the &tonat.ion environment,

be= ~ound O-OS for lad shots ad 0.58-0.73 for shots f~d from a barge .

(Reference 15). The volubility in seawater of the fallout

TeWaJ ~rat.,ion Fd3Dh’llE, was investigated in two ways: by

placed on top of a glass wool COIWUI ad by centrifuging a

from the reef shot

leaching of particles

suspension of the

fallout matirial (Reference 13). The soluble fractions found by these two msthoh

~tiere 0.08 and O. IX, respectively. An ultrafiltration method was used for deter-

r~~ the solubflity of fallout from the land shot, Zuni. About 25 per cent of

the total g~ activity and Np239 were soluble in sea-.{at=r md 5 p= mnt of

the total g~ activity was soluble in rainwatir.

Recent hves tigations (Reference 60) have shown that biological avail abfity

is an>logous to volubility in 1 N HC1. Bomb debris from large tests is 99 per

cent soluble in 1 N HCl, inde~ndent of shot enviromer.t.
s

KU Cloud Ikvelo~ent. During the latei st~es of existence of the fire-

ball, it is t~~sfo~ed into a vor~ ring -,{hose rotationa velocity persists

up b the maxirum cloud altitude, at least for the larger shots. The vortex

contairs the fisston products, eriviron.nentil mteri~l and bcmb co~p.mnts which

were present h the ftieb~ and i.s the site ~-’here tine radioactive fmOUt p~i

titles are ge~ra~ted. ‘The cloud continues b rise until its buoyancy is reduced

ta zero by adiabatic exp2n5ion, entrainment

.
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of cold alr and loss of energy in overcoming atmospheric drag (References

16, 17, 18). The diameter of the ring increases rapidly during tie ascent -

and the cloud spreads out laterally to a large arc~ as its upward velocity

decreases. For smaller fields the cloud stops at tbe tropopause or bc -

IOW. but for megaton-range weapons the top may penetrate several tiou-

saD,d feet into the stratosphere. The time to maximum altitude is some -

what less than ten

A knowledge

stabilized cloud is

minutes.

of the distribution of activity and particles within

needed for the establishment of a rational fallout

the

.
model; however, the co~cction of ~ sujtablc set of samples which could

be used to determine these quantities experimentally presents a formida-

ble operational problcm which has not yet been solved. Severzl distri-

butions have been assumed fi an effort to match the f~lout pa~erns on the

ground, but it is not known how closely these models correspcmd to the

act=l structure of the cloud. Considering the method of form-=tio% it

might perhaps be anticipated t’hat the activity would be greatest in an anchor -

ring centered on the .a~is of the cloud~ Some evidence for this structure .

was obtained a.t Qeration REDJIJ~G with rockets with telemetering ioni-

zation chambers (Reference 19).

. cloud

1. 2.3 Transport and Distribution. During the ascent of the nuclear

the particles present are acted on by body forces and by the vertical

20
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currents in the rising air.

ti o tbmt they will have a net
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Same of the large particles WLU be heawy enough

-.
/IhAng this 5me, volatile f is sicn produc

ate w~ci~ity of ground zero (Referen~e 20). m= be frastior=+.ed frm less vol-atfle
fission products by a kind of “fract.ioml tistillat.ior~ .“ mocess within the hot cloud

Once the upward motion h.m ceased, the ~+zztides k the cloiid will

.i.
weightp but their velocities c~nct be estimztsd as well due to uncert=~mty

.

h the shape factors (Refere~ce 22}.
*

21
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in the atrno~phere will alter the falling rates
. .

f-~r these effects can be made wh=n adequate

able.

The .Iocal fallout as defined here will be down in 4.5 days or lCSSD

of the particles. corrections

meteorological d~-ta are awiil-

]=zving a]oft ~,n ~ggregate of par:~.c~c: ranging from about Z5micron

d~a.meter dcwn to submicron size. For small shots the m?.jority of this

will be. in the troposphere but for megaton-range yields a large’ propor-

tion will be dcpo=itcd in the stratosphere. Hence, in discussing wGrld -

wide falIout, it is desirable to consider it as subdivided into two clasI~~s

identified as tropospheric, or intermediate, fallcut and stratospheric, or

delayed, fallout {Reference i3).

The m:. tsrizl left in the troposphere is thought to rcmzin aloft up

tc forty days ar.d to circle the earth a few times befarc reaching ground

level. It c?eposits in relztivsly narrow bands, ccr, tered on the det~r. ztion

latitude, with- little cVideD. CC of diffusicn acrcss the stable air barrier

Iocztcd in the troposphere ncrth of the cquatar. It is probably brought

down ]~rgcly by the scavenging effect of rainfall or other precipitation

{~cfer~nce 23j.

These particles which do not fall out within the first few weeks will
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,
ly i... the stx=.tosphere -d t&e Fa.rticle size, a.lthcvgh Dot known, must

$3 e
be very small, probably less than 0.1 micran,e It i~ digtrfbutcd by the

is also thought to be a slow circulation toward the po~es.. A&~3*emer.t intO

the troposphere can take pkcc by SIG-W sett:ing or by aei.send ch~nges

in the altitude of the tropapzuse - The e-xchngc may be mczst prevalent
,

at the break in the trGpcFause near the middle I&tit=&ales. ~ce transfer

23
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stratosphc:c at which the rate of injection

be equal to the decay plus deposition rate.

of radioactive bomb debris will

A ccncens~s rea.eked a.t the .

1957 Congrcszional Cammittee hearings on f~~lo~t p~aced the permissible

rate of testing at 2-10 MT, per year (Rc.~erence 24}. The v=ljdi~ of such

numbers depends ~ large part on t~,e refia,hi~ty of ~Warimc~fi~ dct=r~nha-

tions of the fraction cf the weapcn a,ppezri.ng h g].Gb~ f&.~Gllt. .

This fraction hzs usually been estimzted indirectly by mezsuring

the fallout in the IocaI area and subtraction from unity. The methods Used

for the det=rm~ztion of local fa~o~t have invekved measurement of gamma

ray field ~onto-~,rs or repre~ ~DtativG ~~p~ing Gf the material arriwhlg at
.

the surface of the earth (References 2’5 ad 26). The total amount of radip-

.
active debris in the fallout area may he c=lcalat.~d if the relztion between

dose r~te z,nd s~rface density of ra&oaCtive materizl is known. Sfilarlys

24
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field program since radiation int:nsity me~surcmeztz rnuetbe made ever

areas up to tc~s of thou~ands of square rnilese Whea the fxHo~t IS deposited .

have not been fully soIved to $zte. !.
,., ! 4

Ccnver siun ef gamma intensi:y cor.tour d.zt.z tc, fractioz of device

requires howledge Of the r=lation Qf dose rate tQ fiasioas par unit area
.

of the fallout field at Gne hour and of th: grcss radioactive decay rate,

.
The decay rate varies dth the device compositioz~ environment and frac -

tiu~tion in a way which i.s not well uderstcod. Szme wccerkinty wi~
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. i.ng aloft

particles

for long periods.
.

In the application of this method$ coincident samples Of gas @

=e taken by an isokimtic collector during the first few hours

mf existence of the clouds. The

to remove the suspended material

a storage bottle ~ The rrmber of

nuclear aerosol is sucked ttlmough a filter

and the particie-f ree gas is then pumpd into

fissions in the two samples is dd=m.fir=d W

analyzing the gas for 2.8-?Jour Kr
88

and the solid for a representative nuclib

such as d? “

!.

‘he ratio of sample fissions calculated from a Imrq_id duclide to those

from an unattached rare gas nuclide will giw the fraction of the reference

-subs ~ance which is in the sampled portion of the ploud at the the of sampl~a

At a ve~-g early ttie~ if no separation of g~s
.

shmld be one. Later it would be expe ct-ed to

remove the lmund fission products 0 Hence, if

and particles occurs, this ratio

&ecrease as the fallimg particles

the early ratio is one, the frac-

tion of the material in world-wide f al.1.out may be de terdmed if the time is

ti~ at which prticks having a faning velocity of 3 i_nA~s per second leave

the s aqling region, or if the rati.~ approac.he. s a cc.n-stant with time o

10~05 ~r~or Estfi,2tes Of )kCd. Fallout. D5titi.ations of local-—

fd.lcut have beep- -de at ~fi~.~~uy ~ the r:ucle ~ weapons tests conducted

by the I?nit.ed States. EstIi.mates of the fraction of the radioactivity deposi-

ted Iosaliy have been made. for Opratiom JAIJ31E (References 1-65238 25,

. 26
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27, 28), TUMBLER-SIWIPPER (References 2.7, 16), UPSHOT-KNOTHOLE .

[Rdcrences 16, 2~], CASTLE (Referezce 29, 30, 31, 32, 33], WIGWAM ‘-. :

(Reference 33), TEAPOT (Refer . . . . 35], and REDWII$G (Refcre=ccs ~, ~

36). A swrl.Jn ary of values computed from gamma contours and/or area

sampling covered a range from 0. 2 to 0~ 6 (Refer eaccs 259 26]. Rc -

examination. of the preliminary REDWING dafta by Tucker (Reference 37)

gave h~-k.k figures in the range O. 65-0.70 for barge {wzter\surface] shots

and up to 0.85 for land surface shots.

Results by the UCRL cloud sampling me$hod are also zvailable

from R13~WING (Refcxence 26) for the. ground ~hGtS LaCr OSSC, Mo~~ks

Zuni and Tewa (part land, part water), for the wa,t=r ~urfacc shots Huron

. \ and Nzvaj~ and the high altitude air burst, cberokee. In the first three “

events the ratio of solid-to-gas Fissions was as Xcw aS 0.040 Values for

sampling altib~des relative to cloud height. The ratios for the b=rge shots

were g: cater thzn OS 6 b all cases. For Shot @e>okee the only s ~ple taken froa th~

rain bady of the c?oci gavs ..a ratio-of om ~ $rom :he a~suiiption that the ratio at
+.. .,. .. ..-

e2rly tfies in .23-1 cases is o’ne, ti%efiretation of these f5@Ye’s- ~fi- ‘~-fi~- of

f~ilout distribution indicates that 90.95~ of the activity c-e dcwn locfl~

~– 5-7 IAzrch 1957 a syinpcsium was held at the Rand Corporation

3/,
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(Reference 26]. The conferees ccmc~ud~d

which could be reached cxz the k.~ds uf tbe
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90 -
m.ation of Sr . Measurements have been. made to datermke th= czisfig

Icvels at the =a.rthls surftce, the quantity stGPed in the stratcsphe:c, and .

t%e deposition rate. ‘S~mp!es of

vegetation, by gummed tfipu znd

air-filter s~mplers a.t the surface and in ?.he trGpcsphcre. aad ztr=iosp~-~re

(Refererices t!, 23, 39, 40, “41, 42, 43, 44, 45). “

Based on this work, it was estkatcd in the fall of 1956 that the ‘

Sr90 l~vels were ~bo~t 22

States, 15-17 mcimiz for

mc/rniz in the midwc. stern s=cti Gn of the United

similar latitudes elaewherc and perhaps 3-4

mc/mi2 for the rest of the wcrld (Refer ences38 e 3?]0 The totz.1 amount

.
in the stratospheric reservoi~ if uniformly distributed over the a=ea of

th: glebe, woulcl increase these figures by a.bGut 12 mc/miz. Th= deposi-

tion rzt: uf the stored mater~~ WaS con~idered to be around 10~o per

=.k. ted by summatim crf the cor~tributi Qns of all th= bursts thrcugh Gp=ration

REDIYLNG which have deposited debris in the st:at~sphcre. Th= available

mediate fallout from the t~tale The intermefiaf.: fzllcut is the’:ght to

29
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ccxnt.dn 1-57. of the weapon for megz.tan-rsage dctu~tions (References 16S

46, 47). Determinations of this qusntity by a world-wide x:tiork of ‘

. . - s~tions for shats Mike and King of operation I-#If gave z figUrC ~ z%

ob+~tied from filter samples collected ~n flights of the” General bfi~s

high-altitude balloonz. This work wzs part d a contenting prbgrarn for

sampliug the stratosphere along the 80th rreridi-. (R~rerence 48) o

I. ~. 7 ~ractionaticm Effects (z): OSservations at other Tests. The

occuri~~c~ of frac+Jonation is mafi~ested by &Lrcrenccs in radiochemical
.

c c!rn&nc%iti Q.n, dec2y r~t= ar energy s.pe Ctra Zrnong various samples Of

& fracticm of a minute or lenger, are fraqu=~ “fly found a.mcng the products which

~-e mu:.t ssv<~ely fractionated with r<. s:~ ct ia the ?xlk matrix material, Which is
. .. . . . . .

always a r~fractory’ m3-terial. The ‘location of ‘“the bIJ&t is ak-o- an

impcr+kfit factor. Separation of the nuclidcs frcm one anotther appears to

gcncr&.Hy less fcr a. water surface (~=. eferunce 51 ) and still sma13er for

bdlccn, ‘high t-o-wer zzid air detoaation~ (Rcfe:ences 5 I , 52). Relatively

30
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detonated in daep water

.
(Reference 34).

At Operation GREENHOUSE it was noted tit the expazent d the

beta decay curve increased from 0095 to 1, 3 Wif:h mgdxa.a Farti=lc Fize

for ~~rr.pies taken frGm the clauds at Dog, Easy and Able shats. Thiz iz-

die:.tes that the CIQ2 ~-~n particles are ~nricbed i.u fa~,t dec~-yi.ng components

with respect to the ‘more distant fallout (Reference 53).

For JANGLE surface shots, pronounced Gcpleticn of chai,ns 89Y 115, 111

and 140 referrei to Mo99 was observed in com~aring long-range with 10cal
-

fzl~out samples. Chins 144 and 95 were nat fra, stio~~ted. Still more ex-

RadiochcmicaJ ck.t~ fro.rn CASTLE Brave showed .fra.cticzation of

so
Sr and Ba140 99 144With r espect to Mo , but none for Ce (Referent= 53).

In the land Shots Zuni and Tewa of Operation REDWING, depletion

of Cs137e Sr9°p a.~d Te132 -~a~ found in the clo~ e-~ f~~l~ut with mzximum

f~~t~r~ of 100$ 13 and 7 (Reference 54). These depiction f=ctors became

sma-iler with incre.aaing distance from the shot pQin& Fractionation of the

-

31

- 3hr,,



(,. L-

.—— .——- 0018933

. .-

fallout from the barge shots Flatbead and Navajo ufas much less and vari-

ations in abundance were not gre2ter & a factor of -O (Refer~nce 54).

Analytical data on cloud samples from fiese fo~ events corroborated the

fallout results (References 5(I and 51).

Some radio chcmical ~nz~yses haVe been ~erformed on pzrticles of

different sizes from certain balloon shots (Reference 52]0 h BoItzmann

89: ~099 and Sr90: M099 rati~sof Operation PLUMBBOB, both the Sr

were a factor of two greater & 2Z micron particles than in 137-micron

in smiler particles
particles. Enrichment of sr89/was also found @ two other balloon shots,

Hood and Wilso~

.

1.2.8 Fractionation Effects (II): Relations among the R-Values -

fcr Sev==l Radionuclides. As-noted above, some scattered ob~ervations—.

on fractionation were reported from the earlier tests, but it was not und

C@cration REDWING that enough data became ~%~ilable to investigate the

s cparation of varions nuclides from one =nothcr in aay detail. At event

Tewa of this operation, six particle samples were coHectsd from different

locations in the c~Gud and subsequently analyzed for around thirty nuclides.

From this work, relations among the R-values for the products became

a~.rent which seem to be of s~gfiicance for undsrs~n&g the fallout

forrn=tian process (Reference 55)0 The R-values for the substances studied

. .

(-=orm~~ized to give wit intercept on the -s Gf ordinates) were plotted

32
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against the R-value for EU156 and a series of straight lines resulted with

slopes ranging from positive to negative values. Positive slopes ir2dica-
.

. .
ted ~ simdtineous enrichment of the cloud particles in eur”opium -d the

product nuclicie. whereas negative slcpes showed that as the particles

became richer in europium they w=re” more and mGre depleted in the
.,

product nuclideo Products having rare-gas and alk.zli metzl precursors

had the steepest nega~ive s~ope~ whi~e us ~p and Pb had sm’all negative

“slopes- The more refractory oxide elements Nd, Be, Zr and Nb had

positive slopes and those elements such as Cz, which showed no fractiori~- ..

tio~ tith- rc~pect to eurcpiumo had infinite pcsitive slopes. The results

axe con~istent with the view that those products

,.

met~? accestars at the time of condensation =ill

particles which have a Xarger surface -tc-volume

having rare-gas or alkali - .

concentrate i= the smaller

ratio.

Similar rel=tion=hips have been fo=d for several high yield &

bursts using B? 1 4(? as the secondary reference nuclide arid Mo 99 as the

primary reference nuclide (the pri~ry reference nuclide is

used as reference in calcdating the R-values; the secondary

the subs:ance

reference

nuclide is the substance ~sed as abscissa in the R-value plots). In this

reference system, Ag 111, U237, cdl~5, c=~36, NpZ39, Y91, and Sr89

had ~pproximately unit positive slopes while Zr97$ Ce144, ~239 and the

rare earths had average negative slopes of 1. 5.. For these shots there was

33
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e~.-idcnce that the nuclldez in the !arger pzrticlcs (3.12 @ were fracticna-.

ted, but thcze h particles smaller than 1

.

p were not (Reference 54).

This method c,f data analysis has been shown to be valid regard-

.

.

less Of the secondary reference noelide, the pri~.ry ieferen=e nuclide

and the reference event {Reference 6 ].

1.3 EXPERIMENT- PRWURAM

1. 3.1 Outline cf the Program. Tlie foregoing discus sic+n indicates

ttit further pr~gre Es in the devcXopment of a realistic fall@ut model will
.

require z..n improved knowledge of the structure of nuclear clcuds with
—

resp~ct to the vertical and radial distribution of pi,rticle size =d ra.dio-
..

activity -+ith.ti the mu,shroome Quantitative data on the activity associated
.

with ~~rticles h c&f.fer~nt size graup~ is a~so needed for estimation of the

Cp=i 2-tiGZ HARD TACK. R was plan~ed to explore the cloud structure by

le r for demrmin~ticn of the failGut partition. Other &ircraft fl]%g at 1000

34
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. of the radionuclido composition of local fallout ag d.etermjnsd from the rocket
,-

samples~ The influence of the envhonment on fallout par~ition~as to @ fies- .

-tigatid by part~cipation h events over land and water surfaces.

The basic ~thesi.s on which the &termimtion of

the measurement of relative enrichment is based is that

volatile material with respect b a refractory rnatirial

fallout partition by

the increase of a

(eOgO, Kr88 with re sps ct

b Y@gg) occurs principally as a resfit of fallout of the refracto~ mat.eri~

( I.e o, the only force producing separation is gravitation). If this hypothesis

is carrect, then the 14099 left in the cloud region sampled compared to the ~88. .

n= bS interpreted as the fraction of refractory debris which @ & distributed

in ‘korld-wide~ fallout. This fraction is given ~

W’(88)I ~

y = &(@]
c

If, however, other forces operate on the particles, particularly centri-

f~al forces which exist during the initial phase of cloud rise or turbulent

forces which may exist for se~ral hours due b tim~.ratm inequalities, the

possibility exists that separation of gases or small particles fran large pdic~es

~m3y cccur witho-at requiring

that separation of the more

the gas phase as a fmction

real fallout of refractory materi~O It is also Possiblf

volatile products from the less volatile w occur fi

of altitude in the cloud without re@ring separation

processes occur, even a large enrichment of volatlile ma-terial near the tip of the

cloud Y.muld not m ce SSaI-ily be attributable principally to f&lout.-,.

To help de tek whether these alternative processes are i.mportan% i.t is

cor~stdered m=~ss~ to obt,~ ~e~ e~ly d.at~ for R ~~~:les of relati.ve~y vola~fle
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fi.ssion producta h the cloud. Ifit can be established that the vexy eww
.

distribution is nom-d. and then departs from the normal pattirn at a rati co~fi~nt.

with the fallout interpretation, other separative forces might be considered UZZ-t .

important.

* Rocket S amrlw of clouds ● Experimental determination of the

fis tribution of activity within the cloud requires the cone ction of. a group of

samples at different vertical distances along paths nearly par~el to Me ~s

and at various radial distances. The almost-vertickL flight path requL=ent

necessi.t.at.es the use of sample co~ectors which are propdled by rockets~

The rockets used by the project had a rather complex stmcture (see

Chapter 2) but from the standpoint of particle cdlle ction their inporknt fe~tures

were the sampling head and the electronic programmer. The sampling head was

. .. designed to separate the p~tic~es cone c~d ~0 two groups having f pu~ rates

corres~nding to local and world-wi& fallout as already &fW-d. me separation

was to be

effect to

attained by the action of aerodynadc forces in the sampler similar M

those experienced by particles failing t?mough the atiaosphere in the

gravitational field of the earth. ‘I’he function of the

o~n the head at predetermined positions in the flight

be collected from different portiom of the cloud.

35( d
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It was plamed to fire ● total of eighteen rockets on each shot at
7. . . .

about H / 10 minutes from ~aUc~ng Platiorms spaced at various dis - .

tances from ground zero. Two rockets were to be fired along each

.“

trajectory, one programmed to col~ect a sample from the base to the

top of the debris and the other to collect from the top half of the cloud

only.
,.

103.3 Aircraft Sampling of Clouds. A condition necessary for
.

usc of the gzs.parti~le sampl~g t=c~que for the determination of device

partition is that the sarnples bc coIIected from a region

$

matezial by fallout but not receiting particlei from any

the cloud. The portions of the clcud which are sui+table

which is losing

other section of

for this type of

sampling are dependent on the wind structire existing at the time of

burst. For one t-y-pe of structure which occurs fairly freq~ently at the

p:oving grou-nds~ the tcp and bottom pzrts of the cloud are blcwn off

rapidly in different directions ~caving a layer approximately one ~~c

thick that experiences only light and variable winds, Hence this stratum,

which ~S loca~~d between 50, 000 2nd 60, 000 feet, will soon be isclated

fr@m the r“cst ~f the cloud and may remain fairly closely over g:c”und

zzro for a day or more~ It is called the’iight and variable wind layer’” and

s~fisfactory for coincident sampling since it can not receive fal~~~t from

. . higher cloud I=vels.

. .

is

36
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.- J.n cases where the stratum is not well defined, sample collections

.

can be made from the top Of the cloud provided this can be reached and .

followed by tie sampling aizcraft or from a location selected to minimize -

the feed-in of” fallout from higher altitudes.

The theory of this technique has been discussed under section 1. Z.4

and the sampling equipment is described in Chapter 20 The operation plan

~as to fly t~ough the light and ~ariab~e ~~ycr at several interwls between

H # 2 and H # 24 hours with B57D aircraft equipped both with the coincident ‘

samplers -d with wing tank particle collectors. The coincident samples

were to bc analyzed for Kr 88 and M099 tO

[see 1.2. 4) and the wing tink samples for.

fr=cticnation ~th pzrticle size.

de$crminc the fallout F=tition

ten radionuclides to investigate

1. 3.4 Aircraft Sampling of Fallout. The fallout sampling part of

the program was intended to protide information supplementary to that

obtiincd frcm the rucket and aircrtit Cloud sampling experiments+ WB-50

~~rcr~t ~ere sched~ed to fly at an altitude of 1000 feet and to co~~~ct fa~-

cxt at various times between H # 4 and H / 24 hours along height lines

which would correspond to the cloud ~=vel {ca 55, 000 feet) sampled by the

3357339s. SinCe the cloud is an extended source of fallout,

line sampling”, as used here, si@-iYies the s=mplbg of z

ceiztered on the gec.metrical height line and having a band

37
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.
mately equal to the diameter of the cloud.

.

The wind structure described in the preceding section on the forma-

tion Of the light a,nd variable layer also leads to isolation of the 55, 000 foot -

height line alo”ng the eastern periphery of the fallout curtain. This 6itua -

tion is advantageous for height l~e sampl~g since the aircraft may proceed

westward from a position east of the fallout area and collect the first fallout

encountered. The samples should contain 55, 000-foot fallout alone, ucon-

tarninated by material from the rest of the cloud.

Other types of wind structure will probably not be as favorable for

height line sampl~g and the fallout c~~ected is likely to contain particles

originating from different levels in the cloud.

As one proceeds outward frcxn ground zero along a height lines the

p=r~icle size of the f=.llou~ decreases and the time of arrivzl incre~ses~

Hcwever, low altitude sampllng a.t a given location should provide a sam -

ple containing particles of rel~tively uniform size. x HcnceS by m~~ng a

series of coll=~tions along a height l~e at different distances from the shot

point, advantage can be taken of particle size scpar2tion by natural fdlotit

processes.” The WB-50 operations were arranged to utilize this sitllation tO

obt=in a set of samples stitable for an investigation of size-dependent

* IJzcd synoncrnously with falling rate.

38
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properties.

It was plannpd t.o use the radiochemic~ data from these samples ti mrro~ra~

the composition of local fallout as determiud from the rocket experiments~ ~ * -

vestigate fractionation ~t~ p~ticle size, ad ~ c~p~e the m~position Of Iod.

fallout with world wide fallout. It C= &I.so be used for detexini.nation of devic8

partition if the fallout is shown to be highly depleted in a particular fission

product sfice the enrichment of the debris remaining aloft in this fission product

wfl then & re~tid to the fraction of the debris which has f~en out, in much
1

the same w~ as has ~eady been des~ribed for. interpretation of the enrichment

of a gaseous fission product. in the CIOUd with respect b pa.rticulati debris.

1.?.5 Selection of Radionuclide S. The ~dionuclides chosen for determina-

‘; tion from the particle samples were those of grbat.est concern in world-tide

fallout, namely Sr
90

and CS’37 , plus a sufficient number of others to provi~

basic data for further investigation of fractionation. In the latter catego~ were

Sr@, Y91 Mo99, Csl%, CeW, Eu156 arid f37c ‘I’he rnefiers of this group existed#

in a variety of forms, ranging from gaseous to relatively non-volatile spe ciesz

during the ~riod of condensation from the fireball. ~aJ$5was deter ziined in con-

junction with elemental amlyses for Ca and Ita to help in tracing tile &havior Of

the environmental rnateri~ wfich ro~ the major pat of the f ~~loui particles ●

#31 which ~-ere tentatively planned origi.rd.ly, were not c=fiedAnalyses for ,

out due to the llimlted amilyti cal pers o.nnel available, the uncertainties S of s ~P~

fate.

39
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PROCEDURE
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.,

.
.

2.1 SHOT PARTICIPATION
.

The project initially planned to pa Koa, a megaton-

range land- surface burst and Walnut, water -sur~ace burst. ,

Due to apparent contamination of the Koa cloud samples by debris from Shot

Fir, participation was

water-land burst fired

is given in TabIe 2.1.

. .

later extended to include Shot Oak, a high-yield

over the lagoon reef. Important detice informs-tion
.

The project rockets participated during Shots Koa

and Walnut and were also fired during Cactus and YellowWood for system

check and nose cone recovery practice. Aircraft were flown during Koa,

WaInut and @k.

TABLE 2.1

DEVICE INFORhIATION

KOA WALNUTI
.—. .

Total Yield, Mt. : “ 1.31 /0.08 @@@ ‘“
Fission Yield, Mt.: ~~D
Location Site Gene

-=
Near Site

Janet

Shot time 0630 M 0630 M

13 May 1958 “15 June 1958
Shot type Land-Surface ?Vater-Surface;

. . fired from a

barge in deep

water

40

OAK

8. 9+.0.6
——

DELETED
4 miles so”uth

of Site Alice

0730 M

29 June 1958

Water -Land Sur-

face; fired from

an LCU anchored

over the lagoon ie
in 15 feet of -i=2ter

——— ——— .—-—
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2..2 INSTRUMENTATION

The instrumentation for this project falls into two general classes:

r“ocket-borne and aircraft-borne cloud samplers. TWO t~es of aircraft~

B-57Dts and WB-50ts, were used.

2. 2.1 Rocket-Borne Cloud Sampler. The rockets a 20 foot long ‘itP

consisted of an air-sampling nose section, a two-stage propulsion unit arid

=rious items of auxiliary equipment {Reference 57).

The air-sampling diffuser of the nose section was. 36 inches long from

the intake orifice to the filter. An additional 32 inches of length behind the
.

filter was occupied by exhaust ports and auxiliary equipment. The efireme

.
forward part of the rocket was a conical section 5 inches long which sealed

the intake orifice prior to the time when sampling was begun. The orifice of

the diffuser was 2 inches in” diameter and the filter was 8-1/2 inches in d-i-

ameter. h expansion from 2 inches to 8-1/2 inches in diameter in a length

of 36 inches gave an expansion angle of 10 degrees, the maximum at - which

the flow would not separate from the diffuser walls. The filter was an 8 inch

circle of ma&Led ceIl~ose fiber coated with stearic acid to help retain the

particles. It was supported by a wire retaining screen. The inside wall of

the diffuser w~s in the form of a re%-olved se~ent of a circle 250 inches h

radius and was parallel to the axis of the rocket at the orifice. Particles

. .
entering the sampling section were decelerated from about twice the sonic

A
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velocity to subsotiic by

throat of the diffuser.

passage through a shock front which formed near the

Following this, they were subjected to a force field
.

of such a nature that the smaller particles were impelled toward peripheral

areas of the collecting filter to a greater extent than the larger particles.

The diffuser Was designed to effect a resolution of particles having average

settling rates greater or less than 3 in. /sec. in the normal atmosphere

(Reference 57).

A light skin was wrapped around the outside of the diffuser to fair Up

the external shape of the nose cone.

The propulsion section contained primary and sustainer motors, both

of which were solid-fuel nits about 6 inches in diameter with burning times

of 6 seconds. The sustainer motor was ignited shorfly before the start of

sampling and provided s~ficient thrust to mair,tain the rocket speed at about

Mach 2 during passage through the cloud.

Items of auxiliary

circuitry, a parachute

radio beacon and a dye

equipment included explosive squibs, electronic timing

system, a closure system for the sampling section, a

marker. Foamed plastic inserts were fitted into the

nose sections to protide additional buoyancy.

The explosive squibs were used to remove the conical nose tip, thereby

opening the sampling orifice, and to jettison the propulsion unit. The elec-

,.
tronic timing circuitry initiated the opening of the orifice, disconnection of

42
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the propulsion Wit, ejection of the parachute , closure Ofthe sampling sectio*

and activation of the radio beacon. The parachute system consisted of a pilot
.

chute, a pilot chute shroud cutter and the main canopy. The pilot chute was

withdrawn from its compartment when the propulsion section was jcttisoned~

but remained attached by shrouds to the nose section until the latter had

slowed down to a speed which would not cause damage to the main canopy.

At this ti’me the shrouds were cut and the mati canopy WaS withdrawn from

the nose section by the pilot chute shrouds , which were attached to a bag

containing the large parachute. The front closure of the sampling unit,
.

made by a baLl joint, and the aft closure, consisting of a cone and “O-ring”

seal, were closed after sampling. The radio beacon was activated at launch

time so that search craft equipped with radio direction finder= could locate

the nose sections.

Figure 2. 1 shows a complete rocket on a launcher. Part A is the

primary motor, Part B the sustainer rector, Part C the para.chute compart-

ment, Part D the electronics compartment and Part E the air sampling nOSC

section. Figure 2.2 gives the important dimensions of the &iffascr-~nd filter

in the air sampling nose section. Figure 2.3 is a tiew of a &.ttery of six

rockets assembled for firing.

2. 2.2 Aircraft -Eorne Samplers. Three different ty-pcs of equipment were
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Figure 2.1 Air- Satnpling .Rocket

In!oke Orific9
7 F;II*I_

n

[ A 1
----------------------_--,

‘L -------- — a ,“
:~

-:.” m
----------------- -_---------;

36

I

Figure 2. Z Diffuser Section of Air-Sampling Rocket
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Figure 2.3 Battery of Rockets R&ady for Firing

Figure 2.4 B-57 Gross Particulate Sampler
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utilized to obtain the samples discussed in Sections 1. 3.3 and 103.4. Units “
..
of the kind illustrated by Figure 2.4 were used for collection of the cloud .

particle samples needed for the radiochemical work. These samplers

were stainless steel shells of parabo?.lc shape fitted with, intake butterfly ~

valves which were open only during the sampling runs. They were installed
.-

at the forward end of both the right and left wing fuel tanks of the B-57DSS.
+

The particles were collected on a 24 inch filter paper which was supported

by a retaining screen located near the aft end of the uni~

The coincident sampler was constructed ih such a way that both the “

gas and particle samples wodd be tiken from the same volume of the

cloud. Air was drawn through a dessicant section and a filter section by a

c~rculating pump and then forced under pressure into a sample bottle.

Figure 2.5 shows the intake and dessicant-filter sections and Figure 2.6 is

a photograph of the compressor pumps and gas bottles. These samplers

were mounted on both sides of

zircraft.

The WB-50ts used for the

the B-57D fuselage toward the rear of the

fallout sampling were equipped

with the AFOAT-I standard E-1 filter assembly. Figure 2.7 is a view of

a WB-50 with the filter foil installed on top, nearly over the rear scanner’s

position. Figure 2.8 shows the filter screen removed from the foil vith a

filter paper in one side. The foil was sealed by sliding doors in front and

.

46
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?igure Z. 5 ktake and Filter Section, B-57 Gas Sampler

.

Figure 2.6 Pumps and Gas Bottles, B-57 Gas Samplers
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Figure 2.7 Filter Foil Installed on Top of B-50

.
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Figure 2.8 E3-50 Filter Screen
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back dthe filtir screen except dur~g the sampling ~eriodss
---- .,

2. 2.3 Discussion of Possible Errors in Samplh~a Polydisperse aerosols -

cnntain an aggregate Ofparticles whose sizes are arranged in accord~nce with

4.

, !,

a characteti tic frequency distribution.
i’

l’~hen t~e aerosol is sa~pled ~der ‘ !.

ideal conditions, the ratios of the nurnbe~s of particles b the -Hous size

ranges wiU be preserved unchanged ~ the collector. However, a ~eparture

from the inifia~ size &&ribution-may be encounteredif
—

hasa dirnensi~l bias (non-i soMnetic condition), or M

.
are broken up during the sampling operation.

the collecting device

some of the-particles
-.

. Isokinetic sampling conditions will be achieved with a filtering device

moving through the aerosol at subsonic speeds if the air veloci~ into the
r

intake of the filter is identical with the flow rate past the outside. As used

in.~oject 2.8, both the w~g tad and coincident samplers were close to

isokinetic since the velocity ratios were respectively 008 (or greater) and

-.
\ calculated

0.7-O .9. However, in a few cases, the/velocity ratios fur the coincident.,

units were much Iess, due to ~~nc~~on of .t+he s~p?2@ equipent (see
.

Appendix B). The E-1 sampler used on the WB-50ts was’pocm isol+tically,

but this was considered to be immaterial for”height line sampling where the

particles in a given region sho~d be fairly uniform in size.” Samplers, such

.. as the project rockets, which move at supersonic speed with resp~ct to the

aerosol are expected from aerodpamic theory to be unbiased. ~

I
49
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In the rocket samplers some breakup of the fallout particles was thought

to be likely in pasdng through the shock front in the diffuser throat. A series

of experiments carried out by NRDL on the shock tube at the University d
.

California Engineering Experiment Stition indicated that coral fallout grains

were not fractured by Mach 2 shock waves (Reference 58). Impact with the

?

filter is another possible cause of particle breakup in all the sampling de- ~

vices, but little or nothing is known about this effect.

2.3 DESCRIPTION OF FIELD OPERATIONS

2. 3.1 Meteorology. It was indicated in section 1. 3.3 that samples to

be used for the determination Offallout partition by the TJCRL method should
.

be collected from the light and variable layer, if well defined, or from high-

er locations in the cloud..: The cloud heights and wind structure in the upper

atmosphere are therefore important characteristics to consider in devising

operational plans. It is known from previous work that the clouds rise, to a

maximum altitude in the first few minutes and then settle back to a “stab iliz -

ed” level. Based on height-yield curves derived from

earlier shots (Reference 21), it was estimated that the

photographic data on

stabilized altitudes

would be arotid 72, 000 feet for Koa and TValnut and 99, 000 feet for Oak

(Reference 59). The altitudes observed by project aircraft were considerably

lower (Reference 60). A radar record for shot Koa indicated that the cloud

rose to 72, 000 feet at 5 minutes and then setllcd rapidly (Reference 61).

The light and variable layer existed for all the shots, being possibly

50
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best defined for ‘Koa w“here it circulated .=er:fie~~ioti f~r:?t’l~a~t “ “ -
.. ,.

. .

a day. For Koa and Walnut the altitude of the layer coincided quite closely .

with the top of the cloud, whereas for Oak it was some 20,000 feet below

the top which was blown off rapidly by the strong easterly winds. Since
\..- 1

the B-57D samples were taken “from this stratum in each case, the cri -

terion of sampling from a region which would not be receiting fa~out from

any other source was easily satisfied.

Some altitude data taken in part from the wind ah d- temperature

tables in Appendix E are given in the Tiible- 2..2: ~ .

TABLE 2.2

Approximate Altitude in Feet

Koa Walnut

Tropopause 57,000 54,000
-.

Light & Variable Lay”er 60,000 # 55,000

Cloud Top, Expected* 72,000 72,000

Cloud Top, Observed 65,000 61,000

Oak

50,000

55,000

99,000
. .

70,000 - 75,000

Sampling Flights 60,300 56,500 ~ 56,300

~ (Reference 55!)

The suitability of the wind structures for fallout sa~ling- elc.ng height

lines can be most readily visu.alizedby refercmce tu the plan Vie=, wind.,

velocity hods=-phs at shot time which are reproduced in Figures 2. 9, 2. 10

51
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Figure 2.9 Plan View 1+’ind Velocity Hodograph, Shot Koa
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Figure Z. 10 Plan View Wind Velocity Hodograph, Shot Walnut
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and 2.11. The K-oa hodograph shows that for this event the winds were

ideal for height line sampling since material falling from the light and

variable layer would be clearly isolated from the rest of the fallouk ~

Walnut, an overlap of particles originating in the cloud at 40,000 feet and

at higher levels would be anticipated. For Oak the samples collected at

1000 feet would contain materiaI which came from several different eleva-

tions in the cloud.

2. 3.2 Koa Event. No rocket samples were collected from Shot Koa.

In preshot planning it was intended that a salvo of 18 rockets would be fired.

into the cloud, 6 each from Sites Wilma, Sally and Mary. The firing line

to Site Wilma failed on the day before tie shot and could not be repaixed

before evacuation. Firing circuits to $ites Sally and Nlary were intact at

shot time and a firing signal was transmitted to these sites at H / 7 minute s-~

but no rockets fired. Failure appears to have been caused by the heavy

current drain by- several launcher orienting motors dropping the main power

SUppIy voltige to a point where it w~s insufficient to operate critical relays
.

in the local launch programming equipment. Thereafter, launching opera-

tions were programmed so that only a single launcher motor would be

operating at one time.

Five samples were taken from the cloud by B-57D aircraftat 7-1/2, t,

8, 11 and 28 hours post-shot time (See Table Iii). A flight scheduled for

54
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Figure 2. 11 Plan View’ I\’ind Velocity I-Iodograph, Shot Oak
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13-14 hours hat to becancelled due to rain and atmospheric turbulence-

The first four samples were collected in about 1/2 hour each and the last
8

sample required 2-1/2 hours~ The wing tank samplers functioned on each

flight, but there were no gas samples on the last three runs due to a failure

of the compressor pumps on the coincident samplfig Units.

Samples of material falling from the 60, 000 foot layer were collected

at an altitude of 1000 feet at 4, 6, %, 10 and 12 hours aXter shot tie by a

WB-50 aircraft. The fallout was encountered on a bearing of 50-60 degrees

,.
at 28, 59* 88, 109 and 131 miles from ground zero. A second WB-50

.

colIected one 1000-foot sample at H { 6 hours on a bearing of 20 degrees at
.’ .

42 miles from ground zero. It is thought that this mzterial came from about.

.
45, 000 feet. A third WB-50 mission was flown at 0700 the next day to 300

miles on bearing 58 degrees based on ~U extrapolation of the previous con-

tacts. From there, the aircraft was directed to 225 miles, bearing 55

degrees, then to 200 miles, bearing 40 degrees, and finally to 400 mil=s,

60 degrees, but no fallout was encomtered. The aircraft was released

after 6 hours for a weather mission.

A..
Shot Fir, zs fired Et BZk5ni cn the day preceding

9“
Koa and the clouds from the two bursts ro5e to approximately the same height

(65,000 feet). On the day fallowing Koa there was a deposition of fallout in

. .
the Eniwetok area and in the afternoon the gamma radiation background on -

--
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Site Elmer rose-to’ 25-30 mr. /hr. The Fallout Prediction Unit was not able

to establish definitely the origin of this material, but felt that there was

some reason to think that it had come from Shot Fir. fiter arrival of the

Koa samples at LASL, a dispatch was received in the field indicating that

the cloud, and possibly the fallout samples , were heavily contaminated with
t.

Fir debris. The nature of the evidence was not known at the time~— . b%pea ~.

~im-@
——_ ____ ____ ____

DELETED l~on of the wind structures exis_tin”g durin-g tie-period
.— _l

of the Fir and Koa detonations &dicated a pcssibi~ity of some contamina-

tion of Koa fall~ut by Fir debrie, bat no mechanism was apparent that

could le~d to hezvy contami~ation. \

When the radiochemical data became zvailab~e it was found that all

the Koa cloud sampXes contained some material from Fir, but no: enough

to appreciably alter the sigfiicznce of the results (see Chs.pter 3).

2. 3.3 Walnut Evect. It was planned to project a tc*~l of 10 rockets into

the cloud, 4 each from Sites MZry zad szl~y and ~ from Site l~ilrn%. The .

Iavznchers on Mkry were set for automatic positioning by blue-box si.mal,

=kere=s o-n Sally and Wilma the quadrznt elevations and zzim~ths were pre -

s et. After the shct the firkg circuits to S=lly and Wilma were i=t=ct, but.-

the line to Mary was open. A firing sign=I was sent at H # 10 minutes and
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the rockets on Sally and Wilma were Izunched, but the obscuring cloud .

cover prevented observation of their trajectories. The rockets on Mary

did not launch and later inspection showed that one launcher was hopera-

tive, one elevated without rotating and two elevated and rotated. TWO nOSC

cones from the Sally rockets were recovered by boat and the others were

lost. The closures on the cones recovered were intact-but water had

leaked in. There was a small amount of activity in the water and on the

filter and the filter sample was returned to the ZI for analysis. It was

identified by the name Whiskey 6 (see Table B. 3J.

6 samples were taken from the cloud at times between 1-1/2 ho~s

and 26 hours post shot time (see Table m). Both the wing tank -d Me

coincident samplers were op~rative on each flight.

In preparing the height line flight program for this shot, it was in-

tended that 1 V{B-50 would co~ect 1000 foot samples at 4, 6, 8, 10 -d

12 hours with a second WB-50 standing by on the ground to take over the

mission,

The” first

if necessary. No sampling flight was scheduled for D # 1 day.

aircraft encountered fzllout at H + 4 hours on a bezring of 320

degrees at a &stzDce of 4z” miles from szrface zero and a sample wzs

coUected. Due to deposition of~ampfallout material on the nose of the zir -

craft, a dose of 105 r. (read on an electronic integrating dosimeter) was

accumulated at the bombardiers position during the szmpling rune The .
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dose was continuing to rise at the rate of 50 mr. /min. and the radiological

advisor aboard decided to discontinue the mission

standby aircraft took off and was flown to a point

at a distance of 120 miles from surface zero. A

and return to base. The -

on a bearing Of 330 degrees

H / 8 hours the aircraft

searched on course 225 degrees, b“ut no fallout was encountered. At

H \ 10 hours the active fallout area was reentered at bearing 283 degrees,

140 miles from surface z’ero, and a sample taken. At H / 13 hours a ~fird

sample was colIected at bearing 278 degrees, 150 miles from surface zero.

. ..>.-

.

2. 3.4 Oak Event. There was no rocket participation during Shot Oak.

-.
Circumstances leading to the discontinuation of the rocket sampling portion

,.

of the project are outlined in Section 2. 3.5 and Appendix A.,.

5 samples were taken fr)om the cloud by B-57D aircraft between 2 and

26 hours post shot time (see Tables B5 & R6). Both the wing t~~k and

coincident samplers were operative on all flights.

A WB-50 aircraft collected samples from the northeastern edge of the

fallout pattern at 4, 6, 8, 10 and I 1-1/2 hours after the detonation, The

fallout was encountered on a bearing of 300-310 degrees at 65, 93, 125,

160 and 187 miles from surface zero. The operation progressed without

incidents due mainly to the experience gained by the participating personnel
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on the first two shots.
.- . . . .

“ 2. 3.5 Rochd Development. The project cloud uampllng rocket (see .

Section 2.2. 1) was a new one of complex design. The main motor had

been used previously GA ~e fip (atmospheric sounding projectile) and

the sns’~iner rnotar cm the RTV (reentry test vshiclc), but the nese cone

and associated e~dlpment bd mot been used as a Camponeat of = rocket

before. Development work cm a similzr sampling detice tid been done

d~rbg Oper atioa Pltunbbob , and at the end cf the cperation a sablsfactory

unit for land recovery kad evolved. After PIPbbob, Project 21.3, Task

Unit 2, was set up for the purpose of developing a scz recovery version

of the rocket fcr Operation Hs.rdtack. Jyhen project Z. ~ w~.s established,

the existing rocket contrasts were

““ for use on this progrzm. E=cause

rocket, the sponsors cf this work,

Cht=tiing any rocket data aS being cf the order of 50 ~

Cff Prcject 21.3$

serve to prcvide an e.xplar,ztion cf the circcmst>.n=ee which led tO the
,,

cancellation of the rocket experiment prier to Shot O=k.
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the- cievelopmeritd rocket firings and tests are outlined in

Details of the firings on Koa and Walnut, which have been .

given in Sections 2. 3.2 and 2.3.3, are not repeated.

2. 3.6 Aircraft Samples. The B-57D aircraft used for the cloud

sampling work were under the control of a LASL representative. The

person responsible for these coHections communicated with the aircraft

by normal voice radio from the Air @eration Center on Site Fred. The

fallout samples were taken by WB-50 aircraft controlled by an hrRDL

representative. They were directed from the Air Weather Central on.
~. .

Site Elmer using CW radio communication. The transmitters used by

the Air Weather Central operated on a long wave length, thereby making

it possible tO maintain radio Confict with the ~VB-50tS at long ranges and

low altitudes.

Estimated coordinates for each sampling position on the height line

flights -were furnished by the Fallout Prediction Unit (FOPU). The initial

4 hour position prediction was based solely on the wind data availzble at

shch time, but contacts made by the sampling aircraft, pies additional

~ind data, assisted in preparing the later estimates. Interchange of in-

.
formation between FOPU and the Air ~Jeather Central was maintained

throughout the sampling flights.

The FOPU predictions were generally quite accurate with respect to
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radial distance from ground zero, but the wind information was not always. .
. .

I

adequate to determine the angular position. For example, on Koa the es- .
-.

timated height line bearing was 0 degrees but the sampling aircraft encou-

ntered fallout at a polar angle of 50 degrees. For Walnut the 4&our samplkg

position given was quite accurate, but the later curving of the height line

toward the west could not be predicted. Sampling position estimates ‘were

the best of aII on Oak and even the most distant points were predicted withh

2 degrees in bearing and 3 miles in distance.
,<

,+ Tables””-Bl -B6 give a summary of all the samples collected by aircraft.-,,
..

for the project. It will be noted that in addition to the cloud samples taken

from the light and variable layer, there were several samples on each shot

from lower altitudes. Analytical data for these samples is included since

they

(see

2.4

give information on the variation of cloud composition with altitude

Appendix D).

PARTICLE WORK

Some tivestigation of particle characteristics was carried out for all

the cloud and height line samples from Shot Koa wMch were large enough

to work with. Approximately one quarter of each filter paper from the

cloud samples, and one section from the E-1 sampler, were s,hippcd to

UCRL by the first fl~way following the shot. on each sample the filter
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paper was xcmo~ed by burning off in a stream of atomic oxygen from a

gas discharge generator, The maximum temperature reached during

burnoff was aro~d zooo CO The weight of material recovered varied

from 50 mg. to about 4.5 gma

At UCRL some of the cloud samples were separated into coarse and

fine fractions using a Bahco centrifuge and faII rate distribution curves were

determined for the two fractions with the micromerograph. Fa~I rate

data were also obtained for all the height Iine samples and b several cases

—

the specific activity-fall rate curves were determined for cIoud and fallout
.

samples. In operating the rnicromerograph the weight could either be re-.

corded continuously or in 16 increments by means of individual pans on a

rotating turntable,

Two of the’height Iine samples and three, cIoud samples, separated

into coarse -d fine fractions with the Bahco, were transmitted from

UCRL to NRDL for examination. The chemical substances present in these
. .

samples were identified with the polarizing microscope and by X-ray diffrac -

tion, and the particle size distributions determined by microscopic obscrva -

tion, A binocular microscope fitted with ocular micrometers contizining a

linear scalew2s used for the particle work. Each scale ditision of the

micrometer reprcscntcd 15 microns for the magnification used (100X).” A
.,

portion of the sample was placed on a n-dcroscope slide and tapped gently
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to disperse the particles. Traverses were

extreme edge of the dispersion to the other

made along the slide from one

and every particle within the

micrometer scale was sized and typed. Generally, several appropriately
—

spaced traverses were taken. The particles were sized in terms of maxi-
. . . . . . .

mum diameter and typed by the conventional classification of irregular~

spherical and agglomerated. Diameters were measured to the nearest
.-

one-half scale division and particles less than a half unit were ignored.

Particles adhering to each other were sized individually, if possible, or

otherwise not taken into account. .

Particle characteristics, fall-rate and size distribution curves are

given in Appendix C. No particle work was done on the samples from Oak

and Walnut.

2,5 SAMPLE JLNALYS~ AND IWDIc)cHEh41cAL PROCEDURES

Radiochernical analyses were carried out on the gross particulate

cloud samples from the wing tank collectors, on size-separated cloud

samples, o-n the gas-particulate samples from the coincident units and on

the fallout samples. The major part of the analytical work on the cloud and

fallout particle’ samples was done by NRDL (some by L~L), while th”e gas-

pzrticle samples for the determination of fission ratios (Section 1. 2.4) were. .
.

analyzed at UCRL.
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The gross’particu.late and fallout samples were shipped to NRDL On

filter papers as collected in the field. The size-separated samples were
.

prepared at UCRL by the oxygen burnoff and centrifuge technique des -

cribed in Section 2.4, and then transmitted to NRDL. 2 particle groups

were separated for the Koa and @k samples and 3 for Walnut (see Appenwx

B).

At NRDL the samples were prepared for analysis by wet ashing with

fqing HN03 and HC104 to destroy organic material, then fuming with HF

to remove silica. The HF was expelled by agati fwing with HC104 and the
.

resulting solution was transferred to a volumetric flask and diluted to
..

volume with 4N HC1. Aliquots of the HC1 solutions were taken for the

analyses. A total of 1040 radionuclide determinations and 41 elemental

analyses (see Section 1.3. 5) were performed at NRDL using the foHowhg

procedures:

1. Elemental I?a and Ca

using a matrix very similar to

were determined with the flame-photometer

the constituents of coral.

2. b4099 was determined by either of two methods, depending on

the age of the sample. A carrier-free anion exchange method (Reference

67) was used for fresh samples , while a modified precipitation method

(Reference 6~) was used for older sam-pies.

3. 144EU156, Y91, and Ce were measured by a catiun exchange pro-

. .
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cedure after preliminary separation of the rare earth group by precipitation

reactions and anion exchange

4. Ca~5 was separated

(Reference 62).

by a procedure

.

using precipitation reactions.

Ba and Sr were removed by precipitation as tbe nitrates using f~~g HN03

under controlled conditions. The Ca was recovered from the nitric acid

solution by precipitatiori as the sulfate. The sulfate was then dissolved,

scavenged twice with Zr, Te, Fe and h hydroxides~ once with basic MO .

and Cd sulfides and once with ,acidic Mo and Cd sulfides. Ca was precipitated

as the oxalate for mounting and counting. .
.-

5. Sr89 and S.90 were originally separated by precipitation pro-

90, the ygocedures (References 66 and 64). For the determination of Sr

was allowed to grow into equilibrium, the SrC03 precipitate dissolved ~

HN03 containing Y carrier, Y (OH)3 precipitated =ith ammo~a gas and

the Sr removed as the nitrate in fuming

tatcd as the oxalate from an acetic acid

.-

nitric acid. The Y was prccipi-

solution in the pll range 3-5 and

ignited to the oxide for mounting and counting.

6. The Cs procedure used for the determination of CS136 and CS137

was a modification bY the original author of a precipititimr and ion exchange

proccd=re (Refercncc 65). The modification consisted rnaidy of a Cs

t~.phenyl boron precipi~tion in the presence of EDTA, t~ ase of Do~-~e~-50
.“

in place of Dnolite C-3 in the cation exchange step and tbe addition of an

.2nion exchange step.

66. .
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The radio~hemical work reported as being done at LASL -s performed

in conjunction with diagnostic measurements on the eventsc The methods
.

used were those reported in the Los Alamos compilation of ra~ochemical

procedures (Reference 66).

The gas sampIes were analyzed for Kr 88, Kr85, fi85m and in somC

cases for Xe133. The rare gas radionuclides were separated from the con-

stituents of the atmosphere and then counted in a gas counter. The separation

procedure used was developed at UCRL, Livermore, under ae direction ‘f

Dr. Floyd Momyer. Carrier amounts of inactive R and Xe were added to
.

the air sample and the mixture pumped through a series of traps for puri -
.

fication purposes, Water and carbon dioxide were condensed out in the first

trap, which was filled with inert packing and held at liquid nitrogen tempera-

ture. The Kr and Xe were absorbed on activated charcoal in a second traps

also immersed in liquid nitrogen, but the major part of the N2D 02 and A

passed throu=+-the trap and were removed. Residual air was desof>sd at -$O°C

‘~--i~e fi @ subsequent w=~ti~ h l~oz~{, .. Fnrt.her purifica-.

tion was effected by two more absorption- desorption cycles on cbrcoaX* ~

. . .
___ . ... . . .. . After deterrrzination of

the pure Kr yield, it was transferred to the gas counter.

This was the procedure used when Kr alone was the desired product;
. .

additional pacification steps were necessary when Xe was also det~rmined.
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2.6 DATA RE&?CTION
. . .. . . .. ----- . . . . .

The analytical results were computed in the normal manner for the
. . . . .

elemental analyses done for the projecte However, the first, +nd more

time< onsufing phases of the data reduction were carried out on the IBM
. . . ..

65o computer at UCRL, Livermore. The rafiwhemical data were ,manually

transcribed to IBM cards in the proper form for use by the computer, which

was coded to apply a least-squares fit to the decay data and to make correc -

tions for chemical yield, r~fioactive decay and the aIiquot of the sample

used. The output of the computer gave the counting rates for the ipditidual

radionuclides at zero time of the shots.

Further computation was performed by hand to obtal.n the number of

fissions D product-to-fission ratios or R-values. Determination of the

R-values, defined in Section 1.2.1, required c=.libration values on fission

products from the thermal neutron fission of UZ35, I}’hen these were not

available, or only recently obtained, comparison analyses bctieen IASL
1

and NRDL protided the necessary factors.
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3.1 DISCUSSION AND INTERPRETATION OF THE DATA

It is noted that the achievement of project objectives 1, 2 and 3 depended

wholly or in part on the proper functioning of the rocket samplers. Due to

their fiilure, there are no results to be reported on the vertical and radial

distribution of particles in the clouds, which was cbjective 3. ~owevers

objectives 1 and 2 we-re partially met and 4 was fully met by the aircraft

samples.

. Referring to the nu.elides listed in Section 1.3.5, it is to ba obscr-ved

were bclu~ed for the purpose of developing a gcnerd background of infer -

mation on nuclide fractionation. This material may serve as the basis for

a separate report, but it is not being considered here since it was not a

primary concern of Project 2.8. only the da+a which haw a bearing on the

distributioa”of the nuclides Sr 90 and CS137 in the fallout will

this chapter. The radiochemical results for each of the

of samples collected , contribute something to the overall

be covered in

different types

evaluation.
. .

. . 3. 1.1 Cloud Data. For the coincident samples from the light and vari-

able wind layer there are two sets. available for Koa, five for Walnut and
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six for Oak. The ratio of total fissions, as calculated from the sample m~ca

dahforti99, tie5mdti88 -give. tiTable 3.1. Also llstedare the R-v~ues

for Sr90 and G137 f

.

rorn the gross particulate samples cone cted from the cloud at
.

the same time. R-values characteristic of megaton range detonations are 0.’77for

Srg” 1370 Subject to the assumptions inherent in the method, wfitiand 0.9’0 for Cs

include among others that the ratio of % 99 to Kr88 .m the sainpbd portion is repres-

99 88
entative of the entire clouds the ratio of Mo fissions to Kr fissions gives *

e ctly that fraction of the total Mo99
formed in the explosion which was left in the

cloud at the time of sampling. Multiplication of these ratios by the cloud R-values

and division by the device R-values convert them h the fractions of the nucl-ides n-

()

Mogg
maining in the clouds. eege ~ .;*]::: =frac~ionofsr90

cloud

remaining in cloud. The last step is necessary to correct for the differenos in.

., fission fields btmeen device neutrons and therinal neutrons (see Section 1.2.1). me

99 to ~r90
assumption is made here that the Ho and Cs137 ratios are constant thro@oU-

the cloud. The samples in the table are ident~ied by aircraft. numbers as in ~ppn~
1.

B, to wh.ich reference should be made for f-uther details.

The calculated fractions of Mo99$ Sr90 m-d &
137 6$

in the cloud$ based on the h

fission product ratios9 are plotted as a function oi t>~e in Figures 3.1$ 3.2 and 303*

Kr88 was not de b rinixM d on the 2T-hour s ~ples from Walnut and Oak due to its low

munting rate at that time. The points on the curves for these shots at 27 hours are

based on the Ko99-t*Kr85 fission ratios carre cted by the Kr
t38_ti_fi85

rztio at 32

hours. On Koa the late-time fission ratio is extra.polzAted and tle Sr
90

and CS137

fractions

“ 7A
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are calculated-from R-values averaged frcna “We parii. culate sr.~,rles ~akcn in t%.z

main cloud on the same aircraft as the as S=PICS.
~.. \The fractions

.

5for Oak are also rom averages, here in the light .

and variable stratum, while for Walnut the stabilized condition shown in

Figure 3.1 is used. Sample 980 L for Oak is not included due to the poor

sampling conditions.

The fractions of these nuclides remaining in the cloud after one day

are given in Table 3.2. These numbers are to be interpreted as the quan-

tity of material which does not come down in the local area. The limits

assigned are derived from the variability in ~he dataa

TABLE 3.2

-- PERC3NT --- ~ @ NUCLIDES LEFT IN CLOUD AFTER ONE DAY

M099 sr90 (-s137

, Oak -“*-. 1,1~5 .i23 .: 10 49 L 23

I i

Of the curves for the fraction of Mo 99
left in the clouds, the one for

the water surface burst shows to a considerable degree the behatiour an- .

ticipated when the project was planned. On the ~eef shot, the points appear

to be fluctuating around a fraction of (). ~ whereas for the land surface

..
detonation there is insfiicient ti~ to do anytting but extrapolate beyond

6.5 hours. Since it is likely that the fission ratios would be around one

A——— —.— ——— ——

F 0
7



i“ (.>.
0018933

.

Initially, the curves shown for @k and Koa may be only the relatively flat .

part which appears for Walnut at a later time. This seems to be consis- .

tent with what IS surmised about the cloud particle size distribution for

land and water shots.

In addition to the samples from the light and variable wind layer,

there were also a number of col~ection6 made on’each shot at lower alti-

tudes. Although not of direct application to the project objectives, the

radiochemical dati for these samples iS instructive SinCC it shows how the

nuclide composition of the particulate matter varied with altitude. Some

of the samples came from the bottom portions of the clouds, but those

collected at the lowest altitudes may have been below the base of the mush-

room and would perhaps be considered as fallout. Table 3.3 gives a summary

.

137 R-values for the three shots as related to altitude andof the Srq” and Cs

time of collection.

vere calculated as

fractions. For the

The R-values for the samples marked with an asterisk

gross figures from the R-values for the size-separated
t

land surface shot the R-wlues show a general increase

are 10 (Sr9°) to 40 (Cs137)with altitude, attaining -lues at 60,000 feet which

times those expected for the detonation. The water shot R-values are rela-

tively insensitive to altitude, and the enrich.n-ient factor is not more than 2

for either nuclide. Samples collected below 45, 000 feet may be from the
.

...
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On the reef shot it appears that the sampling planes were just

entering the base of the cloud at the 550000 foot level since there is a

sudden jump in the R-values at this point. The material collected at

lower altitudes is depleted in both Sr9° and CS137 and is not greatly

different in composition from the fallout at 1000 feet. ” It iS also noted

that the enrichment factors for both nuclides go through a maximum with

time for the samples from the light and variable stratum.

- might be offered in explanation of this unexpected behavior

‘these is that ‘seine” sampling may have been done .at the lower

=iable stratum where some of the particles c@le cted had

Several co.nj e ctures

with time; be of

boun~ of the light a

fall-en below the stratu
where the rare gases were present. ‘fis could also be offered as a possible ex-
planation for t,he late time rise in the MO to

% ‘atio ‘%$~W~~8~h~~~io6
Somewhat similar data for the Mogg-to-Kr 8 and Kr

for the first four hours following detonation are given in Table 3.4. The

M099 to Kr88 ratios are also shown graphically in Figure 3.4. At the

lower altitudes the M099 is enriched and the Kr 88
depleted with respect

to I@% I
1

3. 1.2 Fallout Data. The radiochemical data on the fallout samples

may “b e use”d to obtain results for the distribution of Sr
90

and CS137 which

are complementary to those found from the cloud analyses. The fraction

of the total M099 formed in the explosion which has left the cloud is found

< . . by difference from the nubers given in Table 3.2. Multiplication of

these figures by the Sr 90 and CS137 R-values for the fallout and division

.
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by the detice R-values convert them to fractions of the two nuc~des ti the fallout.
.

Table 3.5 lists results obtained in this way based on the averaged composition for “

the fallout.

Table 3.2

DATA ON NUCLIDES IN FALMUT

R-Value(AveraRe~ Fraction Deposited

# #7 f1099 Sr~ C5337

Koa 0.52 O.l!p$ 0.9S 0.66 0.48

h’alnut 0.’78 1.I.3 0.80 OJ31 1.00

Oak 0.45 0.40 0.89 0.52 0.40

All the fallout samples from the land and reef shots ”show depletion of both

Srw and CS13T as

earliest samples.

shot; and 6 hours

compared to the detonation yields. This is most pronounced in the

Material coming down at times later than 4 hours for the land

for the reef shot, is quite uniform in composition and exhibits

. little evidence of fall. rate–dependent fractionation.

The L-hour fallout from the ~~ter surface shot is depleted in both Sr90 and

CS137 but the 10- and is-hour samples show an enrichment. The two*

have nearly the same composition. The failure of the 6- and .!?-hour

ekes the data rather scanty in this case.

These effects are brought out clearly by the numbers listed h

latter s=ples

flight missions

Table 3.6.

3.1.3 Cozbined Cloud and Fallout Data. If alternative processes to fallout

are not iiiiiportznt, fission products with volatile predecessors can be as useful as

gzseous fission products for mzsuring the extent of fallout. Since it is incorrect

to assume that the content of a volatile fission product in fallout is zero, ‘the R
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value in fallout must be measured.

(
.

.

Then:

[R99(Yj ~ - [R99(y~m

y “ [R99(yj ~ . [R99(yi IKI

oole933

This formula can be derived

R-values (see k.ppendix E).

for Y in fallout is assumed

‘ for a gas and y becomes the

by algebraic operations from the definitions of the

If, despite the fact that it is incorrect, the R value

to be zero, the above equation reduces to the expression

upper limiting value for the fraction of Ho 99 (or re-

fractory debris) left in the region sampled.

Fission products such as Sr89 and CS137 (to a somewhat lesser extent Srw)
. ..

appear to behave very much like.Kr 88 in Koa, I!alnut, and Oh ==nts d may be

used to est.fi~te fractional fallout of refractory debris or upper 13_uiits to the

fraction remaining aloft.

The disadvantage of using Sr89 or CS137 for this purpose is that R values

must be measured in fallout and are not necessarily constant. The chief advantage

is that the analyses may be extended to longer tines since the half-lives are long

and a sufficient s~ple may be obtained by shply filtering more air.

Values have been calculated in the above ==!mer and are given fi ‘I’able 3.79

85



Table 3.7

M099 ~cTIONS I’ROM COMBDWII DATA
,

T3me of Collection (hr) Fraction of M099 h Cloud Calculated From: -

Cloud

4.5

Koa 7.3

8

11

~;alriu,t 1.6

3.4

6.8

Oak 2.1

2.1

6

6

Eak!dti

“6

8

10

Y2

4

6

8

10

#9

0.019

O.elf+

0.016..
0.01.3”

0.20

0.32

0.19

O*17 .

0.06

0.06

32EX

o.o13

0.o11

0.013

0.010

0.28

0.I!+4

.
0.21

0.20

0.05

0.05

*9O ~91

0.049 0.26

0.033 0.20
0.041 0.28
0.030 - 0.22

0.45 0.90

0.60 1.04

0.93

0.26 0.43

0.29 0.51

0.11 0.17

0.11 0.20

CJ-44

0.57

0.53

.0.61

0.86

1.6

1.6

1.4

0.30

-0.06

0.05

-0.03

1.10

0.58

0.81

0.76

b.46

O.u

o.19

0.78

O.m

0.31

0.30

In calculating the above values for fraction of Ho ‘9 in the cloud, the data rust

be picked from Tables B1 thru B6 with care. Only cloud s=amples taken in the light

=d variable layers are used and these are ~tched on ~ indi~dual basis k~th height

line szmples taken at a later the, wherever possible.

The half lives of the noble gas precursors of the nuclides used above are:
#7,

3.8 min.; ‘, 33 sec.; Y91, 10 sec.; Cew,-l sec.; Cs1.36, none.Sr89, 3.2 min.; Sr

The fraction of Mosg remaining in the cloud as calculated by each of these nuclides

increases ~verselY as the half life of the ~~clides noble g~s precursor. This Lqtiiczi

. that these nuclides and their precursors

out the cloud even at very early tties.

were not distributed in the same ratio t;hrougl

If they Mere so distributed, the fraction of

85(a)
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be identical. This Indicates t-hat the

light and variablk layer is not representative of the total cloud.

The M099 fractions c~culated from Cs ~7 and Sr89# the two nuclides havtig the

longest Mved noble gas precursors, are compared @th the M099 fractions calculated

from fi88 in Table 3.8.
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each

as a

Thd su of the nucMcie fractions from the cloud and fallout should be one ti

case provided that the R-values used are rePre9entat~ve of the cloud and fa~ou

whole. This seems to be 13kely for the fallout where the R-values ch.=ue On~-

relatively slightly with

the analytical results.

ttie but more doubtful in the cloud due to the scatter Of

Table 3.9 gives a comparison between the deposited fraction.

(from Table s.5) and airborne fractions (from Tabless.2 ands.8). The agreement

is generally as good as co~d be e~ected considerfig the natu_re of the data.

In shot Koa the gas ~cple data are very meager. The gas and particulate

samples are not rdtched well in time and altitude. It is

fractions, and consequently the Sr~ and CSIST fractions,

Sr89 and CS137 in the cloud and fallout are bet~er wlues

from Kr88.
.

For shot V:alnut the late fallout results are limited

believed that the }!099

as calculated from the

than those calculated

and not interpretable k

obtaining the fraction airborne, hence ofly the gas s~ple data have been used.

These fallout data also lead to unreasonably large fractions deposited.

In shot Oak, both fallout and &as samples give similar ~-a~ues for the fractions

deposited and airborne. The averages have been used.

Table 3.?

COMPARISON OF AIRBORNE AND DEPOSITED FP.4CTIONS

c.r90 C!J37

Fraction Fraction Total Fraction Fraction Total

Deposited Airborne Dermsited Air’Borne

Koa 0.66 0.13 0.79 0.48 0.56 1.04
..

V!al.nut 0.81 0.2+ 1.05 1.00 0.36 1.36

Oak 0.54 0.23 0.77 0.41 0.49 0.90
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3.2 DATA RELIABQ~ “ ..

j.2.l Cross-Conttiation of Koa Samples. As discussed 311 Section Z.3.ZP “

a prel.imiIIary examin ation of the samples from Shot Koa$ shortly after their receipt.

at LASL, indicated that they might be badly cont~ated with debris from Firs
If

this Were the case, the fission ratios from the Koa cloud data could not be used

for the determination of fallout partition since they would not be representative

.

of the detonation. To investigate the extent of cross-cont~ation, the Koa

‘ere analyzed for W
~T

d

samples
-.F:’5’?’+”&+ _. .--—-——- --—------

.. \
Table 3.1o gives a

These numbers
,.

ratios times ld are to be compared with a fi~e offor the tungsten-to-fission ,

Sample
Number

977
569

;:
981 L
,.981R
980 L

Table ~.10 ‘-

RADIOTLJNGSTEN A.NALYS~ ON KOA CLOUD SA!!XIES

h’185 Atoms/Fission

(x 10$)

481
1.62
1.67
2.58
0.621

16.2
43.4

lfsssive R4 J-.UL

lr~sstve R5
4.70

Wilson Special R6
3.03

36,cmo, which is = aver=ge

D~~D”

..
into the Koa cloud from Fir

of several analyses on =terial from

were

effect on the fission ratios.

.. --

DELETED

-,.
r.e.nce the quantities of

s..all enough so that they would

66

the Fir cloud.
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j.2.2 AccWacy Of Radiochemistry. Radionuclide analyses on the particle

sanples were accuqate to 5 percent on

accuracy better than 10 percent.

J.2.3 Reliability of’ Sampling.

a relative basis and the gas counting had an

Certain points on the curves of Figu.re 3.1 -

are to be

regarding

factor of

att.rib”uted somewhat. less si.@ficance t,han the others due to Uncertai.nti.es

the samples. On Koa the fission ratio for sample 981 R maybe off by a

2 due to the small sample size and high counter background from fallout

which would decrease the counting accuracy. On walnut sa..ple 9?8 L (27.5 hr.) the

85probe velocity was low and Kr only ~as de~enn.ined. Sample 980 L for Oak has

been disregarded due to the very low probe velocity which wo~d tend to make the

]f099 to Kr88 ratio too high.

3.2.4 particle Fall Rates and SDecif’ic Ac~ivit,ies. The particle size ~s-

tributions (and hence the specific activity as

be altered in a number of ways before the fall

these are brealmp of particles by impaction on

a function of particle size) could

rate studies Were made. Among

the filter, loss of fine particles

i-n handling, spontaneous brea~p of particles ~ the fallout process itself due

to atmospheric moisture (cf. Append~ C re the behatior of particles in liquids),

~d several other possible means of alteration.

One can calculate what fall rate a particle would need to fall 59,W feet fi

4 hours, i.e., to be collected in Ko~ 1%.ssive Il. This fall rate is I-25 cW’see”

The diameter of a spherical particle with a fall rate of l_25 c~sec. is about

120 microns. Figure Cl gives essentially no particles with fall rates as great

2s 125 cm/sec. Ho-~wver, Figure C 10 gives about 30 per cent of the particles ~ith

diameters greater than 120 microns. This disagreement is possibly due to the effect

of the micromerograph on }~ea~y const~cted particles, and the effect nay not be

uniform on all types of particles.
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The above example illustrates the inconsistencies in the data and points out

the need for cau$ion in raking interpretations based on them.

3.3 COMPARISON WITH THE RESULTS OF PREVIOUS TESTS
.

Shots were fired during Operation Redwing under conditions similar to those -

of the

may be

present “series and some data are available from published reports which

99 to Kr88 ratios and Sr90used for comparison purposes. Results on the No

R-values as a function of altitude in the cloud for the first four hous are repro-

duced in Table 3.11 from Reference 26. It i.s noted that for the land and reef

99 to ~r88 ratios decrease i.n a >.%Yshots the Sr9° R–values increase and the Ilo

90
generally comparable to the similar Hardtack events. On the water shots the Sr

$8R-values are nearly constant with altitude, as with ~!alnut, but the 1{099 t.o Kr

ratios are not comparable.
.

The fallout R–values

with those arrived at for

radionuclide compositions

for the Hardtack shots are generally not inconsistent

the Redwing shots by Project 2.63. The latter &ave

which ge-crate computed decay curves i-n good agreer’ent

@th

from

those actually measured on several different types of instruments. The E–va~u

Redwing are listed in Table 3.X2.

Table 3.IZ

shot

Flathead

N2vajo

Teha

,.
Zuni

R–VALUES FOR PDI!ING

R99(90~
Average

Cloud Fallout

-1.1 0034

0.8

-1.0 0.29

-2.(.) 0.25

Cloud

-2.3

P1.5

-2.8

89

R99(137~
Ax”erage
Fallout

0.32

0.7

O.11+

o-w

. ‘?5



Fallout R-values for Srg” and CS13~ collected

I

oole933

in different locations from Teka and.

Zuni showed variations of up to an

from those stations closest to the

Flathead and Navajo gave much less

order of magnitude. The fallout collections

zero point were most depleted in these nuclides.

change in the R-values with distance from the -

6 zero point; at most a factor of two.

3=4 EFFECTIVENESS OF INSTRUMZNTATION

The aircraft-borne sampling equipment performed in a generally satisfactory

manner throughout the entire operatiofi with the exception of some ~alfwction~g

of the gas compressor pumps on the first shot. This ~as due prinarily to the

sho;t,age of time for checkout prior t,o actual operational use. As the part.icipatlh.!

personnel gained experience, communications improved and the sampling flights pro-

gressed more smoothly. Each of the three types.Gf aircraft sampling equipment is

considered to be well. suited for its intended use.

Difficulties experienced with the rocket samplers are f~ly described ti
-

C.hapt.er II and Appendix A.

. .

90
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CHAPTER IV
.

4.1 CONCLUSIONS

The failure

exclusively upon

isolated portion

CONCLUSIONS AND RECOKMENDATION5
,

.

of the rocket sampling program made it necessary to rely almost -

the technique of relat,ive enr~c~ent of volatile material in an

of the cloud for the measurement of fallout partition. This

technique is an unproved one klhich ~cludes some rat,her bold assumptions, and a

number of expertient,al difficulties.

It” should be born in mind that i$ was not possible to sample at altitudes as

high as desirable, and differences in cloud height with energy release and their

subsequent effects upon fauou~ partition were not clearly defined. However,

.
with these reservations it is concluded that the technique generated a reasonably

consistent body of data Which was interpretable in the fashion expected.

The pattern of progressive enrichment of volatile material in an isolated-

portion of the cloud w-as displayed in ~?ahut on a rat,her long time scale. Fiowever,

if progressive enrichment occurred in Koa

compared to two hours. Since the program

successful, no data exist for these shots

in the direction of enrichment.

and Oak, it was on a the scale short

for eariy sampling by rockets was not

to deinonstrate a time-dependent effect

1. The results suggest that for megaton range weapons detonated at the ocean

13’7fo~ed will be90 and one-third of the Cssurface, around one-fourth of the Sr

dispersed over distances greater than 4,000 miles.

2. Corresponding figures for a coral land surface or reef are around one-

fifth for Sr90 and one-half for CS137.

91
.-
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5. Radionuclide fractionation is pronounced in shots over a coral land

‘7, while the uppersurface, The local fallout is depleted in both Sr90 and Cs.

portions of the clouds are enriched. Fractionation is much less for hater surface -

shots. .

4. Nuclear clouds are non-uniform in composition and certain nuclide ratios

vary by rather large amounts from top to bottom. Again, this is much larger for

land than water surface detonations.

5. The radiochemical studies of fine and coarse particles indicate that

the fission products ~th rare gas precursors, Sr 89$ srsos y91$ and CsU7 are

i-n general more concentrated in the fine particles in the land and reef shots-

h the water surface shot they appear to be more evefly distributed among the

particle groups. .

6. Sr90 and CS137 distributions computed from cloud arid fallout data are

roughly in agreement with one another.

4.2 lMCOlftOWllA’i’IONS

l’he ratio of local to World-wide fallout is essentially governed by the

distribution of particles with respect-to size and altitude ~ the cloud at

stabilization (i.e. at an early time before appreciable fallout has occ~red)~

and the specific activity of radionuclides “of ~terest as a f~ction of particle

.

size. The latter function may vary ~th altitude in the cloud at stabilization.

The basic types of information necessary to calculate the fractions of a

given radionuclide in local and worlcihtide fallout from particulate samples are:

1) the particle size at Which division i.n’to local and Worldwide fallout

occurs for each sample

92
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2)

3)

4)

The

the fraction of the volume of the cloud swept out in obtiining each
.

sample .

the mass of each of the two groups of particles in each sample
.

the R values of the radionuclide of interest fi each of the two groups

of particles in each sample

first of these can be calculated in advance from the criteria for wOrld-

wide fallout from the altitude of sample

ted from the area of the sampling system

cloud and the cloud dimensions at va&us

collection. The second can be calcda-

by obtaining the total volume of the

altitudes from cloud photography. The

third can be obtained by separating the particles ~to the necessary two fracticms

during sampling and subsequently weighing each g,roup. The fourth can be obtained

by ~adiochemical analyses of each of the two particle groups.

It is recominended that such a program be carried out if the opportunity iS

presented by fut~e weapons tests.
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APPENDIX A

ROCKET DEVELOPMENT.

A.] HARDTACK PERFORMANCE

6 May Test

Four rockets were set up on Site Yvonne for testing during Shot

cactus, a 14-kt0 detonation; two were located at 3200 feet from ground

zero, while the others were p]aced at a position some 5000 feet further

down-island. It was planned to fire both of the down-island rockets and

one of those situated at 3200 feet to check out the performance of the

array prior to operational use on Shot Koa. The remaining rocket was

.
to be left unfired on its la~cher So that the results of exposure to the

detonation could be observed. The launching equipment for this rocket

was rendered inoperative by the blast, but neither of the rockets at the

close%n site were damaged. Both of the down-island rockets fired, and

one penetrated the cloud and was recovered from the lagoon. However,

it collected nO activity since the cloud height was less than predicted and

the sampler head was programmed to open at an altitude higher than the

resuItant cloud top. The second rocket flew in an erratic manner, missed

the cloud and sank. Its nose cone was recovered from the bottom of

lagoon and a post-mortem examination indicated that the rocket had

probably been damaged by a flying object prior to launching.

,.
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!)May Test ,

Two rockets were fired

cone recovery practice, but

from Site Wilma for system check and nose

.

both cones were leaky and sank soon after

striking the water. The cause of the leakage was not known, but it was

thought that a contributing factor might have been the existence of a

partial vacuum inside the sampling heads, since they were scaled at an

altitude of about 80, 000” feet where the ambient pressure is much below

that at sea level. To correct this situation, small holes of about O. 040

inch diameter were drilled in the nose cones and coated with a hydro-

.
phobic grease, thereby allowing air pressure equalization without per-

mitting the entry of water. Static tests showed that no water entered

the sampler heads by this route.

13 May Test

Eighteen rockets were set up for firing at the Koa cloud, but, as

described previously, none were launched (see Section 2.3. 2).

26 May Test

Mtcr modification and testing of the launching equipment subsequent

to Shot Koa, it was believed that the system was fuMy operational. It

was desired at ~his tine ~0 test the complete array with a ft.ill comple -

ment of rockets. Four rockets were set up on Site Mary, eight on Site

Sally and 6 on Site l’~ilma for firing at ths Yellowwood cloud. The cloud

95



,. 1’

0018933

from Shot Yell Owwood did not devc]op to the extent predicted, and

launching signals were sent only to the launchers on Mary and Sally at H
.

/ 13-1/2 minutes. ml rockets launched successfully. The rockets on
.

Wilma were intentionally not launched, because it was apparent that their

trajectories would not intersect the cloud. Even of those fired, four were

seen to h=vc missed the cloud. Three nose cones were recovered. The

c=p on the first nose cone was still intact, probably .due to a short in the

circuit that fired the nose cap removal squib; therefore, no sam~le was

collected. The

at

.-

Of

at

30, 000 feet.

water. At H

the surface.

second no~e cone was from a rocket Frograrnrned tO oPen

.

When recovered, the nose ccne contained abcut 60 ml.

/ 9 hours the filter of this nose cone read about 1 mr. /hr.

The third nose cone was from a rocket programmed to

open at 55, 000 feetO About 100 ml. Cf water had leaked in?o it, and the

surface reading of its filter was 25 mr. /hr at H 1 g-1/Z hour:. After

this shot, a.rz intensive effGrt WaS mzde to deter rn~nc the c=use of leakage

of water into the nose cones. It was found that the ball joint se A;hg the

forward end of the nose COnC ~f:~r s~rnpling could bcur.ce back z small

2mount after closures thereby pezmitfing water to enter. A I=iching

mechanism was designed to lock the ball joint in its totally clcsed position.

This modification was then applied to all nose cones.

96
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Three rockets were fired from site Wilma to test the modified ball

joint closure mechanism, The sustainer motor on the first rocket did

not ignite, causing the nose cone to remain at~ched fO this unit which

fell into the lagoon and sank. The second rocket was damaged by impact

with a coral bead, The third nose cone was recovered intact and was dry

inside. This represented a completely successful performance of the

system. It appeared that the problem of water leakage into the nose cone

had been solved.
.

19 June Test

Ten rockets were set up for firing at the Walnut cloud, Of these,

six were successfully launched {see Section 2.3. 3)..

20 June Test

Because of the presence of water in the Walnut nose cones~ two rockets

were fired from w~lma to further investigate the cause of leakage O The ncse

cone of the first rocket failed to separate from the sust~.iner motcr and wzs

destrcyed when it hit the reef. The second nose cone was recovered in

the Iagoan$ and 50 ml. of wzter was found to have leaked into it. It v’as

conjectured at this time that the low ambient temperature (-100 FO) =-

countered by the rocket at altitude might be freezing and caus~ng distortion

-.

of the O-ring seals~

97



0018933

23 June Test .

A nose cone with parachute was dropped from a helicopter at an

altitude

minutes

inside.

of about 1, 500 feet. It was recovered with-in two and a half

after striking the lagoon, and again, 50 ml. of water was found

The possibility of impact with the water causing the large rear
—

conical seal to open momentarily now became suspect. This was sug -

gested by the

short timc~

24 June Test

Two nose

rather large volume of water that had entered in a relatively

.

cones with parachutes u’cre dropped from an altitude of

1, 500 feet in an effort tO determine the exact point of water leakage. k

the first nose cone, the filter was replaced by a rubber membrane; and

both the fore and aft spaces of the nose cone were stuffed with absorbent..

paper tissue$ so any water leaking in would be retained near the point of

entry. After recovery, it was found that no water had leaked into this

unit. The second nose cone, which was the same one used in the 23 June

test, was also stuffed with tigsue. However, a normal filt=r unit was

used to separate the sections rather than a rubber membrane. ~fien re -

covered, this nose cone was f~und to be dry inside. There was no difference

betsveen recovery conditions on the 23 and 24 June tests, except that the

lagoon surface was rough on 23 June and calm on 24 June.
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LATER RESEARCH

It is seen in Figures A-1 and A-2, illustrating the programming Of

the rocket and the nose section of the nose section of the rocket, that the
.

system is a complex one.

In the early stages of work on the rocket, prior to the field operation*

it had been recognized that the chance of having a completely operational

system ready for sampling the HARDTACK clouds was small, due to the

short length of time avai]ab]e for development and test firing. Neverthe -

less, it seemed possib]e that defects of a minor nature which remained
.

could be rectified in the field. The operational flights and tests already

described show that significant progress was made toward this objective.

However, after the tests of 24 June, it became apparent that the cause

of nose cone leakage and other malfunctions could not be determined and cor -

rected with facilities avai]ab]e at the Pacific site. Further work, utilizing

range and test installations in the United States, was essential to the attain-

ment of a completely successful sampling system. Accordingly, the rocket

portion of Project 2.8 was terminated on 27 June with the concurrence of the

Chief, AFSWP, and the Division of Military Applications, .%EC. ; all unfired

rounds were shipped to California.

From July to December 1958, the Cooper Development Corp. tested the

rockets from the EPG to investigate possible modes of entry of water into the

sampling heads (Reference 57).

Three nose cones identical to those flown in the last Pacific rounds
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were subjected .to environmental tests at North ~erican Aviation COO

.
during the month of July. The testG included Iow temperature cycle,

.
vibration and acceleratio~

For the low temperature tests, the forward and aft seals were closed

and the programmer and its container were removed. Thermocouples were

z
:placed on the “0-rings St of the forward and aft seals. The assembly was

“ brought to room temperature (75 F~ and the cold chamber was stabilized

at -65 FO. The nose cone

stand for five minutes. At

-temperature was –10 FO.

.

was placed in the cold chamber and allowed to
-.

the end of that time, the forward seal “O-ring”.
.

The nose ccne was removed from the cold

+amber and allowed to remain a.t room temperature for 4 minutes, then

completely submerged in water for one minute and allowed to float at its

normal level for 4 minutes. When the cone was remcved from the water

and disassembled, it was found that no leakage F*ad occurred.

The cone used for the vibration test was a ccrnplete flight-ready-

assembIy except t~t the ,s~ around the diff~~ser had been removed. The

acceleration load was maintained at 5 g~s while the vibration frequency was

varied from 3 to 2000 cycles per second. The dwell time at each resonant

frequency was one minute. The vibration was applied first in

parallel to the longitudinal center-line of the assembly, then
. .

perpendicular to the center-line. No failures occurred.
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For the acceleration-tests, a flight-ready nose cone assembly was

separated into two sections at the filter joint, Both sections were placed

on a spin table ~ the deceleration plane and the load WaS raised to 50 ~tS

.

and held there for one minute* No failures occurTed. The sections were

then placed in the acceleration plane and the Ioad was again increased to

50 ges and maintained at that level for

started its functions at approfimatcly

one minute, ~ The programmer

15 g~s, continued to operate properly

and no failures occurred. The test was then repeated using the nose cone

which had been vibration tested and the results were the same. The four

.

tests showed that the sampling cone design was entirely compatible with

the anticipated environmental conditions.

Beginning on 17 July, further testing of possible sources of leakage

in the sampling cones was conducted at the Morris Dam S,ma II Calibre

Range, Azusa, California, which is a facility of the U. S. h’aval Ordnance

Test Station, I?asadena, California. Ten assemblies were dropped into

the water at various angles and with various modifications. The first 8

tests were carried out by dropping the assemblies from a height of approfi -

mately 32 feet at angles of 75° and 90° with the breathe hole left open.

Other tests included drops of cones attached to parachutes from 100 feet,

free-fall drops with the breathe hole closed, and parachute drops with a

neoprene boot on the forward seal of the nose cones. The last 6 tests used
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cones in which”a vacuum (23 inches of mercury), similar to the near-. .

vacuum of the upper atmosphere, ‘had been induced. Examination of these -

assemblies after recovery showed that the vacuum remained

breathe hole was sealed.

A total of 27 tests using 10 nose cone assemblies .were

.
when the

conducted

over a 5-day period, . This work, plus furthez testing at the Cooper Develop-

ment Corporation plant, indicated that certain points around the forward bal-

seal joint and the operating mechanism were susceptible to small leaks as

the pressure difference between the interior arid exterior of the diffuser-
,

.
filter section increased The neoprene boot, which covered the operating

mechanism, had proved to be particularly vulnerable during the Pacific. ..
..:

fi rings and later tests..- The reliability of the seal was increased a great

deal by redesi~ of the boot, and4

after installation of the im@oved

only infrequent minute leaks were observed

boots. These leaks were repaired as they

occurred until the seal was tight enough to hold a pressure difference of 23

inches of mercury for 10 minutes.

Folloting the successful drop tests, tio flight test rounds were fired

at NAMTC, Point Mugu, California, on 24 July. The nose cones for these

rounds were modified to incorporate the improvements which had been made

during the tests at Morris Dam. AU programmer function times were as

..
planned and both rounds were judged to be quite successful. Their trajec -
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.
. .

. . .

“ tories were foll~wed throughout the flights by range radar, enabling fie

impact points to be quickly located by radars on the search aircraft. The
. .

cones were then recovered by a rescue craft. .,Une of them was completely

dry and the second contained only a few mla of water. When the cones

were disassembled, it was observed that the dry one had maintained a

par-tial vacuum while the other had apparently leaked air to equaIize the

pressure.

In spite of the success of the flight tests, it was felt that still further
--

im~rovements could be made in sealtig the diffuser-filter asscmbly~ A

conference was held in August between Coopei and UCRL personnel to

investigate new approaches to the problem. After study of the design, it

W~S. concluded that roofing the forward ball seal llo.ring$~ from the forward

to aft side of the ball would elim~ate several possible sources of leakage,

although

had been

pull rod,

theze would be some sacrifice of performance.

observed during some of the tests at the rubber

Slight leakage
-.

boot on- the push-

around the nose cap cable entries and at thc for~-ard nose cap

blow-off joint. Relocation of the “C)-ring” to a position aft of these areas

was expected to prevent any water which nzight enter from reaching the

fiIter. AH changes in design which had been made at the EPG

including the relocatiti of the l~o-rkgu, were incorporated in

and later,

a new set

of drawings and tio new nose cones were mantiactured to the revised draw-
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ingso
>

,,

A new antenna system was devised for the recovery transmitter ‘ -

consisting of two bent dipoles located on opposite sides of the head and
.

positioned as far forward as possible so that they wouidbe above the

Surf~ce of the water~ This system was tested at Puddingstonc Dam near

Pomona, California on 20 November 1958. The antenna was first sub-

merged, then the head was allowed to float during the test. Readable

signals were received as far as 5 miles away with both ~ou.nd and airp

craft receivers The

duced by the antennas

signal was both stronger and steadier than that

used on the Pacific rotids.

Drop tests using the two redesigned nose cones were co@ucted

. Morris Dam on 22 November 1958: The assemblies were dropped 5

ti’mes caclrfro~ a height of 35 feet. No parachutes were used and the

-.

pro-

at

angle

“ of impact was not controlled. Both assemblies remained completely dry

omtk~ inside throughout the tests. One concwas slightly da-m~ged when

it came to the surface under a steel barge, but this was qnickly repaired.

The twu new nose cones were assembled into flight rounds for tests

at NAMTC, Paint Mugu, on 2 December 1958. Both ro-ds were launched

at a 75° elevation angle z~d azimuth of 217°. The second stage of the first

round either fziled to ignite, or i=-ited only partidlyp 2S efid~ced bY fie
.

..
lack of a contrail and the horizontal range of only 14, 200 yards. Nose cone

.
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separation and parachute dcplop”ent were achieved satisfactor~ly. The

.

nose cone was located after impact by a very strong, steady, directional

.

signal from the recovery transmitter and by sighting the dye marker. It

was completely dry inside and a vacuum seal had been maintained for 2-1/2

hours. On the next round, second stage ignition was observed and the range

radar showed nocse cone separation at approximately “ 10~,000 feet. The

payload descended very rapidly and “co~d not be located by the search

craft. The radar plots gave no indication as to the nature of the malfunc -

tion which evidently occurred. It is possible that the second stage para-
.

chute failed tO deploy or that the first stige parachute was fouled by the
.

motor.

These were the final tests carried out in the development of an ocean

recovery version of the cloud sampling rocket, The results indicate that

. the improvements in desi~ made subsequent to the fieId operation have

resulted in a more practical system tk=n the one available in April, 1958.

However, further flight testing would be desirable if the rocket is to be

used in a future cloud sampling program.

.
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APPENDIX

RADIOCHEMICAL

The tables given in this section (B. 1

B’

DATA TABLES

through B. 6) contain a compila -

tion’of radiochemical data for all the samples collected by Project aircraft.

The samplers are identified by the number or name of the sampling plane.

The letters R or L placed next to the aircraft number (or name) indicate that

sampling units towa”rd the right or left side of the aircraft were used. The

single rocket sample obtained is also included. The analytical results are

h .
tabulated separately for the gas and particulate samples from the three

shots. Data on the particulate material is divided into three groups, namely

gross cloud samples, size-separated cloud samples and fallout samples. In

each table the data are arranged in the order of increasing time of collection.

The foIlowing general remarks wilI serve to clarify certain entries in

the tables:-

1. Ml fission values based on Mo 99 in the particulate sample tabula-

tions have been normalized to a LASL K factor of 2.50 x 105.

2. The disintegration rztes of Po 210 and Crn’42 Iisted in the tabular

results have been corrected to the zero time of the event.

3. The amount of Po 2]0 loaded on KO.4 was 5.487 x 10
14

disintegra -

tions per minute as of the zero time of KOA.

108
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4.

tions per

5.

tions per

6.

The amount of Cm242 loaded on KOA was 2,418 x 1014 disintegra-

minute as of the zero time of KOJL

The amount of G11242 loaded on OAK was 5.674 x 1014 disintegra-

minute as of the zero time of OAK,

All Sr89 and Sr90 R values have been normalized to the LMilL

values by means of the KOA samples analyzed at both LASL and NRDL.

7. Al; Y91 R values have been formalized to the IQRDL values by

means of the KOA samples analyzed at both LASL and NRDL.

. .
8. The term “probe velocity” refers to the pumping speed in the gas-

.

particle coincident sampler. Samples collected at a low probe velocity

. are. very likely non–rep$eseifativ”e of” the cloud: -- ‘ - ‘ -’”

9. On KOA the Massive samples were cGIIected on the 60, 000 foot
.

height lihc; the Wilson Special sample was from the general fallout.

10. The fine kd cbarse- fractions for the KQA snd OAK s?ze–geparated

sainples were separated at a nominal fall rate of 1 cm/sec. Nom.inal fa~

1“ -. rates for the WALNUT fractions

fine fraction, less than O. 1 cm. /sec. ; medium fraction, O.1 - 1.0 cm.

coarse fraction, greater than 1 cm. /sec.

were:

/sec. ;

11. The sampling altitudes given for Aircraft 978 on ?’7ALNUT and 981

on OAK are thaught to be too high, but mere reliable figures aie not available.

-..
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APPENDIX C

PARTICLE DATA AND CHARACTERISTICS, SHOTKOA

0018933

C. 1 Size Distribution, Fall Rate and Specific Activity Data

Fall rate distribution data, particle size data and specific activity-

fall rate data are presented in graphical form, in Figures C. 1 through c. 13D

for the cloud and fallout samples listed in Table C. 1. Samples 500s 50Z and

977 from the cloud were separated into coarse and fine fractions with the

Bahco centrifuge before determination of the distribution curves.

.
boundary between the centrifuge fractions is as given in Appendix

.
fall rate work was done on san-ip]es ta~.en from the cloud at times

than four hours due to the small quantity of material collected.

TABLE C. 1

Sample List

Fall Rate

Distribution

Massive L1

Massive L2

h4assive L3

Massive L4

Massive L5

Wilson Special

502 Coarse

502 Fine

500 Coarse

500 Fine

977 Coarse

977 Fine
.

Particle Size

Distribution

h4a.ssive L1

Massive L4

502 Coarse

502 Fine

500 Coarse

500 Fine

977 Coarse

977 Fine

116

The

B. No

later

Specific

Activity

hfassive L5

~~ilson Special

502 Coarse

502 Fine
500 Coarse

500 Fine

977 Coarse

977 Fine
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These results ‘ayre being reported primarily for record purposes.

C2. Particle Characteristics

The majority of the particles were translucent white and had an

irregular shape. Some flaky aggregates, small spheres apparently formed

by condensation, and clusters of varying sizes were also present. Many of
.,

the larger pzrticles were discolored with 2 reddish-brown stain, presumab~Y

due to iron oxide.

The main constituents were identified as Ca(OH)2 and CaC03 (both

calcite and aragofite) by exarnin=tion with polarized light and by X-ray

,
diffraction. Small quantities of ocean water salts were observed in all the.

samp~es.

The particles disintegrated sparitsneously into many small fragments

when brought into contact with liquids. The disintegration was most rapid

with watern but also occurred at a slower rate with hydrocarbons and other

fluids. Due to this effect, their density could not be determined by the

bromobenzene-bro jnofoizn method.

Size’measurement and type ckssifica.tion were described in Section

2. 4; this investigation is summarized in Table C. 2.

117
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TABLE C. 2-

Particle Classification and Size Measurements

Sample No. of Particles Mean Size, Particle Type, %

Measured Micron6 . Irregular Aggregates——

Massive L1

Massive L4

502 Coarse

502 Fine

500 Coarse

500 Fine

977 Coarse “

977 Fine

115

216

255

287

331

619

264

299

155

65
48
19
46
24
47
21

.

.

. .

67.3

51.4

82.0

93.7

63.7

94.0

76.1

94.6

18.5

16.2

11.0
3.5

2.3

3.1

9.5
2.3

.

Spheres

14.1

32.4

7.0

2.8

29.0

2.9

14.4

3.1
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APPENDIX D

METEOROLOGICAL DATA TABLES

Meteorological data for the shot days of Koa, Walnut and Oak are

presented. Tables D-1 through D-3 give winds aloft, while Tables D-4

.

through D-6 give atmospheric temperature data.

.
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Alt., fk.
x 103”

1
2

5
6

7

;
10
12
14
16
lg
20

. 23
25
30
35
40
45
50

TABLE D.1
.

Winds Aloft Data, 1%14 Hay 195g

07
07
Og
Og
09
10
10
10
09
09
10
11
12
11
07
20
27
25
19
22
24
29

025 08 02g 09 023
a27 07 033 09 030
02g 07 032 09 030
031 08 025 09 030
029 0s 025 09 026
025 09 620 09 022
027 10 016 Og 019
027 10 017 09 016
022 10 017 09 010
022 12 016 10 022
025 13 017- 09 015
022 15 012 12 009
012 14 012 11 Oog
010 14 012 15 009
007 13 004 15 008
oos lg 016 16 014
012 16 016 16 019
021 24 ON 15 020
027 17 027 17 025
025 19 025 22 020
035 26 c45 25 039
031 x 030 2g 027

2g on 23 012 19 019
14 015 21 006 24 006
09 006 06 007 06 009
10 014 13 Oog 06 005
10 020 07 017 0s 020
10 027 09 031 10 033
09 036 10 046 09 04g
09 CS1 II 062 — -—=

Og
08
Og
09
10
11
10
Og
07
09
12
12
19
M
22
lg
12
25
17
23
24
28
20
27
04
15
07
11
10
10

023 og
025 09
026 09
027 09
023 09
023 09
023 09
019 09
017 09
012 09
on 09
004 09
010 —
004 ‘33
oog 27
014 24
012 22
019 22
Olg 20
027 22
O* 25
029 27
02a 23
020 30
Oil 04
006 06
Olb 11
026 10
044 09
G53 09

023
02$
026
027
025
022
021.
019
012
Oog
006
004
---
007
010
009
012
Olg
024
023
023
025
022
00s
004
010
Oa
025
035
053

06
06
Og
08
09
09
09
09
09
05
02
20
23
21
24
27
2g
25
24
24
29
27
24
35
07
07
12
09
—
—

021 07
023 og
023 08
022 09
02$ 09
027 09
023 10
015 10
012 10
009 10
004 29
004 25
004 p
004 31
010 22
013 29
017 30
014 27
016 25
022 23
021 26
026 27
029 2t3
013 02
007 06
012 09
015 07
023 10
— 09
--- 09

021.
023
021
017
016
020
021
014
009
W5
003
002
003
008
004
006
016
015
020
030
025
022
020
G12
007
012
010
OM
039
G$g

DD —- Wind hearing tO n~rest 20 de=~ees

FFF -— Wind e~eed, lzmts

.,
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Al%. , ft.
x 103

1

;
4

5–––
6
7

;
10
12
m
16
M
20
23
25
30
35
M)
45
50
55
60
65

:
go
g5
90

H=-*
DD l?i7F

07 010
Og 019
07 019
09 019
09 017
09 013
09 013
09 013
10 013
10 013
09 010
11 015
11 020
11 020
u Olg
~5 016
20 011
lg 025
Ig 021
21 023
16 014
19 014
11 006
Og 027
10 G23
09 025
09 042
09 o~o
09 060
09 064

TABIJB D.2——

Winds Aloft. >ata, 15 June 195g

09
Og
09
11
11
11
11
11
11
11
11
09
10
11

17
15
19
M
lg
la
;4
00

020
019
019
019
019
Olg
017
014
014
014
011
009
013
016
011
Oog
006
012
019
025
G15
024
014
013
---
-—

— .rr. .-

--

——

--

10 015
Og 017
10 017
10 017
20 016
11 Olt!
11’ OM
11 015
11 012
10 013
12 009
11 007
13 010
12 019
13 017
11 006
13 006
16 012
16 025
16 02k
16 023
~g 026
17 G05
011 015
n 026
09 02$
09 034
0~ 046
09 060
10 066

130

H+g
DD FFF-

04 004
07 021
Og 0115
09 Olg
10 017
11 017
n Olg
10 015
11 013
12 012
10 on
12 007
10 00s
12. 010
13 014
13 012
12 016
16 c20
lg Olg
lg 014
~6 02$
15 G33
19 035
14 004
-- ..-

-—
-— ---

——
-—

— ——

H + 11+
DD W

og 016
07 Olg
Og 0115
09 OM
09 021
09 023
09 02g
10 017
10 Olh
12 ol~
09 010
11 006
11 0ix3
12 013
12 012
13 012
14 016
17 021
lg 019
11 024
17 039
M Oog
05 013
09 017
— -—
o~ 029
--
09 015

-- -
0!S 047

0018933

H+17* .
DD FFI?

07 Oltl
Og 022
09 023
10 023
10 022
10 020
10 020
10 020
10 019
10 017
11 012
12 006
14 011
12 010
10 011
10 012
11 014
12 014
17 014
17 02g
17 037
21 021
12 016
09 015
07 029
09 on
10 049
10 050
09 oys
09 G65
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TABLE D.4.

Atmospfieric Temperature Data, 13 May 1958

.:
,
-.

Altitude,

feet

Surface

310

2,231

4,950

7,874
10,310
14,450
16$929
18,209
19,095
19,240
19, 554

24,920

26,903
29,331
31,070
31,870

36,036
36,050
g, 930

46,850
51,810
54, 680

56,859
57, 684

60,621
63,030
64,482
68, 120

73, 656
79, 167
82, 540

94* 149

Temperature,
co

27.8

26.8

21;5

17.2

11.5 .

09.5 .

2.5

- 0.5

. - 2.5
- 4.2
- 4.2
-4.2
-14.2
-18.2
-23.5
-28.1

-30.2
-39.8
-40.2

-51.8
-65.2
-75.0
-77.7
-79.0
-75.0
-74.0
-77.0
-62.0
-63.8
-56.0
-57.0
-50.0
-45.0

132
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TABLE D.5,

Atmospheric Temperature Data, 15 June 1958

. .

Altitude,

feet

Surface

310
4,910

5,348
8,202

10,240
11,417
13,123
14,350
16,2=40
19,080

24, 64o
31,440

34,056
35, 550
40,330
46, 140
53,460
53,900,
57, 618

60,555
61,083
64,680

65,703
67,270
69,300
70, 257
73,920
76, 197
7t?,804

79, 629
81,390
96,947

Temperature,

co

25.2

24.2

14.8

12.0

9.8
7.2

5.5

2.5
-. 0.5

. - 2.8

-8.5

-19.2

-34.5

-40.2

-44.0

-57.0

-68* o

-79.0

-78.0

-76.0

-79.0

-6% O

-70.0

-66.0

-66.8

-67.0

-62.0

-63.0

-60.0

-62.0

-56.0
-54. ()

-42.0

0018933
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TABLE Do 6

Atmospheric Temperature Data, 29 June 1958

Altitude,

feet

Surface
280

3,900

4,890

10,210

14,320

19,050

24, 64o

31,490

31,56o

35,620

40,420

42,910

46,24o

48,850

49,740

50,590

56,050

57, 590

Temperature,
co

25.5
25.2
16.8
15.5

7.2
- 0.2

- 7.2
-17.8
-32.8
-33.2.
-42.2
-55.2
-62.0

-68.2
-74.0
-77.0
-71.0

-74.8
-78.0

0018933
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APPENDIX E
.

Derivation of Formula for Percent Mo Left in Cloud

0018933

The formula given in Chapter 3 for the percent Mo
99 left in the cloud

is based on a material balance for some nuclide, Y.
It can be derived as

. follows:

1
1

Let Y E=
~,tom~ y form=d in the explosion

--

eY=
c

YFO =

MOE s

MOC =

MOFO =

Y“

k=

II !* left in cloud

II II in fall OUt

~toms M099 formed in. the explosion

Ii IQ left in the cloud

It II in the f~llo~t

fraction of M099 atoms left in cloud

the ratio atoms Y: atoms Mo
99 formed in thermal

neutron fission, a constant

R-value for nuclide Y in explosion

= ;;G

[1
; k R99(Y)

E

.

135

-——— —



.

(:

since [R9’(Y)]E = [y~,.~jk

Y~ = WC Ycmc

= MOC k [R99(y)]C

0018933

E3blce [iP(Yjc = [ycm.J/k

‘FO ‘
}!OF~ y#F()

= MOFO k [R99(y)] F()

since [R99(Y~ F, = [YF&FJA

from (1) sfice ~o~ = ~oEy and MO
FO

= 140E(~-y)

MOE k [R99(Y] ~ = ~o~ k CR99(Y)JC + io#-Y) k [R99(Y)]~ . . ...(2)

dividtig (2) by Mo# and rearrangtig .

[R99(YflE- [R99(Y)]IW
‘= [R99(y& [R99(Y~m

136
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